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FOREWORD 


In  late  1976  DCA  contracted  with  IDA  to  analyze  the  rate 
structures  and  cost  allocation  procedures  associated  with  the 
two  primary  long-haul  defense  communications  networks,  AUTODIN 
and  AUTOVON.  This  study  reports  the  results  of  the  work  on 
AUTODIN.  The  purpose  of  the  analysis  was  to  evaluate  the 
current  structure  of  rates  charged  by  DCA  for  AUTODIN  backbone 
services  and.  If  appropriate,  make  recommendations  about 
adjustments  and  revisions  in  the  rate  structure  that  might  help 
DCA  to  better  achieve  two  objectives:  an  equitable  allocation 
of  costs  and  an  efficient  utilization  of  the  AUTODIN  backbone. 

In  accomplishing  the  study  we  accepted  as  parameters  the 
present  size  and  configuration  of  the  AUTODIN  backbone  as  well 
as  the  procedures  whereby  user  agencies  select  the  services  and 
equipment  they  need  and  contract  with  either  DCA  or  the  common 
carriers  for  these  services.  The  study  deals  exclusively  with 
the  allocation  of  given  costs  through  the  process  of  setting 
ra'es.  An  extremely  important  question  is  whether  or  not  the 
size  of  the  system  and  its  costs  are,  in  fact,  at  optimal 
levels.  This  study,  however,  makes  no  attempt  to  broach  this 
problem. 

After  an  introduction  and  summary,  we  discuss  the  theoret- 
ical rationale  for  charging  for  access  and  for  usage  (or  traffic 
sent),  attributing  to  usage  the  characteristics  of  volume,  dis- 
tance and  precedence.  A model  is  developed  for  allocating 
costs  as  a function  of  access  and  usage  which  leads  to  a con- 
siderably different  rate  structure  than  that  currently  used. 

The  effects  of  using  the  model  on  allocation  of  cost  among 


agencies  and  average  message  costs  are  examined  using  some 
simulation  techniques  and  some  recommendations  are  made  and 
supported . 
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I.  INTRODUCTION  AND  SUMMARY 


AUTODIN  (Automatic  Digital  Network)  is  the  Defense  Depart- 
ment's data  transmission  and  message  system.  The  structure  and 
capacity  of  the  system  is  determined  by  world-wide  defense  com- 
mand and  control  requirements  for  certain  national  defense 
scenarios.  In  the  absence  of  such  requirements,  the  facilities 
are  made  available  to  government  agencies  for  defense-related 
official  communications  and  perform  an  important  role  in  the 
day-to-day  management  of  the  armed  forces  and  related  activities. 

The  Defense  Communications  Agency  (DCA)  is  responsible  for 
the  technical  and  financial  management  of  common  facilities  in 
the  AUTODIN  network.  Financial  control  is  exercised  through 
the  Communications  Services  Industrial  Fund  (CSIF)  managed  by 
DCA.  The  CSIF  is  a revolving  fund  from  which  payments  are  made 
to  communications  common  carriers  and  other  suppliers  for  leased 
communications  lines,  switching  equipment  and  other  services. 

The  fund  is  reimbursed  by  AUTODIN  users  from  their  appropriated 
budgets.  The  payments  from  CSIF  for  AUTODIN  backbone  services 
in  FY  77  are  expected  to  be  about  $48  million.  This  is  to  be 
recovered  with  anticipated  billings  to  the  Army  for  $14  million, 
Navy  for  $11  million.  Air  Force  for  $17  million,  with  other  DoD 
and  non-DoD  agencies  supplying  the  remaining  $6  million. 

Under  the  current  system  of  allocating  AUTODIN  costs,  the 
various  agencies  are  required  to  estimate  their  AUTODIN  needs 
In  terms  of  the  number  of  connections  of  various  speeds  (from 
75  to  4800  baud)  by  months  of  use  for  the  coming  budget  year. 

On  the  basis  of  these  user  estimates  and  projected  costs  for 
switch  and  trunk  leases  and  O&M  costs,  DCA  computes  connectivity 
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charges  that  are  designed  to  cover  its  anticipated  industrial 
fund  payouts  for  AUTODIN  backbone  costs.  The  connectivity  fees 
are  calculated  as  a function  of  the  projected  number  of  con- 
nections for  each  agency  but  billing  is  for  the  actual  number 
of  connections.  Since  actual  connections  are  usually  fewer 
than  projected,  there  is  typically  a shortfall  in  DCA  revenues 
to  the  CSIF . 

On  the  basis  of  an  analysis  of  the  economic,  technical  and 
managerial  aspects  of  the  AUTODIN  I system,  this  study  con- 
cludes that  the  current  method  for  allocating  backbone  costs 
among  users  does  not  meet  the  criteria  of  equity  and  efficiency 
and  that  it  has  perverse  incentive  effects.  A system  incor- 
porating other  principles  of  cost  allocation  is  recommended. 

In  the  following  chapters,  the  rationale  and  structure  of  such 
a system  are  developed.  A rate  algorithm  and  a computer  simu- 
lation embodying  it  are  provided  and  the  application  of  the 
principles  to  the  future  AUTODIN  II  system  is  discussed. 

In  the  process  of  the  analysis  it  became  apparent  that  a 
backbone  rate  system  involving  cost  incentives  cannot  answer 
all  the  problems  of  managing  AUTODIN  which  face  DCA  and  its 
user  agencies.  Efficiency  in  communications  cannot  be  guar- 
anteed by  a rate  structure;  reinforcing  administrative  action 
and  policy  decisions  are  required.  It  is  beyond  the  scope  of 
this  study  to  recommend  particular  policies  to  supplement  the 
proposed  rate  system.  Some  policy  alternatives  are  identified, 
however . 

The  selection  of  a system  for  allocating  costs  involves  a 
number  of  sophisticated  trade-offs.  In  one  sense,  AUTODIN  I 
is  like  an  economist's  public  good.  There  is  no  cost  to  the 
network  for  one  more  message  or  for  one  more  access  line — at 
least  at  this  time.  Capacity  is  determined  by  commard  decision 
to  meet  military  requirements  and  these  potential  needs  greatly 
exceed  current  demand.  Since  capacity  exists  to  accommodate 


t 


more  messages  and  lines,  the  objective  of  the  U,S.  Government 
should  be  to  ensure  th' t as  much  traffic  as  possible  is  placed 
through  AUTODIN  I.  If  an  individual  user  should  find  that  a 
commercial  service  is  cheaper  for  some  particular  application 
(although  this  seems  highly  unlikely  given  any  reasonable  rate 
structure),  it  is  still  more  expensive  for  the  agency  to  use  that 
service,  since  the  AUTODIN  I costs  must  be  paid  in  any  event. 

Any  rate  structure  must  be  perceived  as  fair  by  the  agen- 
cies— this  is  not  commercial  marketing  but  cost-sharing.  Effi- 
ciency versus  equity  is  an  old  dilemma  in  economics,  and  a final 
pricing  structure  will  require  some  policy  decisions  by  DCA. 
However,  seven  conclusions  can  be  reached  at  this  time. 

• Efficient  use  of  the  system  requires  that  users  choose 
both  the  appropriate  number  and  speed  of  access  lines. 
Placing  all  charges  on  connectivity  weighted  by  speed 
obviously  provides  very  strong  incentives  to  choose 
the  lowest  feasible  speed  and  to  minimize  the  number 
of  access  lines.  A zero  access  charge,  however,  could 
lead  to  more  demand  for  high-speed  lines  than  the  sys- 
tem could  handle.  Thus,  initially,  at  least,  a con- 
nectivity charge  should  continue  to  be  assessed  but  at 
a considerably  lower  level  than  at  present.  The  access 
charges  considered  in  the  study  would  collect  in  the 
aggregate  approximately  20  percent  of  the  total  system 
costs . 

• The  majority  of  revenue  should  be  collected  on  the 
basis  of  usage.  There  are  two  units  in  which  usage 
can  be  measured,  messages  and  line  blocks.  The  choice 
between  them  is  a matter  of  judgment  but  a combina- 
tion of  fixed  fee  per  message  plus  a charge  per  line 
block  seems  reasonable. 

• The  costs  of  long-distance  service  benefit  long  dis- 
tance users.  Others  can  be  excluded  from  these  bene- 
fits. Therefore,  long  distance  costs  (trunks  and 
associated  access  lines)  should  be  charged  to  long 
distance  users.  The  payment  for  long  distance  should 
be  collected  through  usage  fees,  not  connectivity. 

• A surcharge  should  be  collected  on  FLASH  messages.  Use 
of  precedence  interrupts  and  delays  other  messages  and 
these  costs  should  be  paid  by  the  FLASH  user.  The  sur- 
charge can  be  either  a lump  sum  per  message  or  an  addi- 
tional cost  per  line  block.  The  latter  would  provide 


an  incentive  to  keep  FLASH  messages  short.  The  former 
would  recognize  that  the  mere  fact  of  interruption 
imposes  a cost,  regardless  of  the  lengths  of  the  FLASH 
message . 

• Rate  setting  and  billing  should  be  coordinated  to  limit 
CSIF  deficits.  We  recommend  that  efforts  be  made  to 
develop  better  forecasts  of  system  use  so  that  the 
rates  can  be  set  on  the  basis  of  more  accurate  projec- 
tions than  are  currently  used.  We  also  recommend  that 
billing  be  done  on  the  basis  of  actual  costs  rather 
than  projected  costs. 

• DCA  should  address  the  issue  of  acquisition  and  con- 
figuration of  off-system  equipment  and  services.  It 
may  be  that  new  policy  decisions  either  by  DCA  or 
others  in  the  DoD  will  be  required  to  assure  efficient 
integration  of  AUTODIN  with  other  communications  activ- 
ities. Attempting  to  solve  all  problems  with  prices 
alone  may  not  be  successful. 

• An  integrated  charging  system  should  be  developed  for 
AUTODIN  to  Include  both  AUTODIN  I and  AUTODIN  II  when 
in  place.  This  pricing  should  recognize  the  inter- 
dependency of  the  two  systems.  We  further  recommend 
that  consideration  be  given  to  implementing  procedures 
to  permit  charges  in  AUTODIN  II  both  for  distance  and 
precedence . 

Some  of  the  effects  of  switching  from  a rate  structure  in 
which  all  revenue  is  derived  from  connectivity  fees  to  one  in 
which  80  percent  of  other  revenue  is  collected  through  charges 
on  line  blocks  are  illustrated  on  the  following  tables.1 
Table  1 compares  the  current  rate  structure  to  a proposed 
hypothetical  rate  structure. 

If  the  proposed  rates  were  adopted,  the  share  of  total 
budget  paid  by  each  agency  would  change,  with  the  share  rising 
for  agencies  with  higher  than  average  usage  and  fewer  than 
average  line  connections  without  Identifying  the  agencies. 

Table  2 indicates  how  the  shares  of  major  users  might  be 
expected  to  shift.2 


lrIhe  tables  are  based  on  FY  76  levels  of  estimated  message  traffic  and  FY  78 
backbone  costs. 

2 An  "agency"  is  a group  of  similar  PDC  account  numbers. 
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Table  1 . SUBSCRIBER  RATES 

Current  (100  Percent  Connectivity)  and  Proposed  (80  Percent  Usage)  Systems 


Current  Rate 

Structure 

Potential  Rate 

Structure 

Connectivity  Charges:  $/Month 

Connectivity  Charges:  $/Month 

Low  Speed 

$1,624 

Low  Speed 

$ 279 

Medium  Speed 

4,873 

Medium  Speed 

837 

High  Speed 

7,580 

High  Speed 

1 ,302 

Line  Block  Rates: 

<t/l i ne  block 

Line  Block  Rates: 

i/line  block 

Local 

0 

Local 

0.86 

Area 

0 

Area 

0.90 

Inter-Area 

0 

Inter-Area 

0.99 

Table  2.  PERCENT  OF  TOTAL  BACKBONE  COST  PAID  BY 
"AGENCIES"  UNDER  TWO  RATE  STRUCTURES 


Agency 

Present  100  Percent 
Connectivity  Rates 

Proposed  80  Percent 
Usage  Rates 

Three  A 

30.5 

27.7 

Highest  B 

16.9 

14.1 

C 

20.6 

19.6 

Second  Three 

15.1 

23.2 

All  Others 

16.9 

15.4 

Another  interesting  comparison  is  that  between  what  a 
subscriber  might  be  paying  for  AUTODIN  services  and  what  he 
would  have  to  pay  for  an  equivalent  amount  of  commercial  commu- 
nications. These  figures  are  shown  in  Table  3. 
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Table  3. 


COMPARATIVE  MONTHLY  COSTS  FOR  A "TYPICAL"3 
AUTODIN  I SUBSCRIBER 


AUTODIN  I Revised  Rate 
Structure 
(80  Percent  !/sage) 

Commercial  Equivalent 

CONUS  Messages 

$1 75/month 

$ 954/month  (Mail gram) 

Overseas  Messages 

249/month 

1,367/month  (International 

Telex) 

Total 

$424/month 

$2, 321 /month 

aLow-speed  access  line  at  $279/month,  292  domestic  messages  @ 14  line 
blocks,  239  overseas  messages  0 21  line  blocks. 


II.  A MODEL  FOR  ALLOCATING  AUTODIN  COSTS 


A.  SYSTEM  CHARACTERISTICS  RELEVANT  TO  RATE-MAKING 

AUTODIN  I is  one  of  a number  of  communications  networks 
maintained  or  supervised  by  DCA.  It  is  a secure,  store-and- 
forward  computer-based  message  processing  system  composed  of  a 
number  of  switches  linked  by  high-speed  trunk  lines.1  Users 
are  continuously  connected  to  each  switch  as  a telephone  is 
always  connected  to  its  exchange.  The  current  1300  users 
range  from  slow-speed  teletype  terminals  to  computers. 

The  AUTODIN  I user  enters  a message  with  one  or  more 
destinations  into  its  switch.  The  switch  accepts  the  message  in 
its  entirety,  logs  it  and  stores  it.  In  accordance  with  re- 
quested priorities,  the  switch  then  transmits  the  message  to 
the  destinations  as  circuits  become  available.  Once  the  user 
has  entered  the  message,  it  is  the  responsibility  of  the  host 
switch  to  make  delivery.  Refile  centers  are  used  to  enter 
messages  into  commercial  channels  for  non-AUTODIN  destinations. 

The  AUTODIN  switch  is  a computer  which  processes  messages 
according  to  programmed  conventions.  The  CONUS  switches  leased 
from  commercial  firms  are  capable  of  storing  messages  for  for- 
warding in  drum,  disk  and  tape  secondary  memories.  The  magnetic 
core  data  memory  of  the  Accumulation  and  Distribution  Unit  (ADU) 
is  (in  present  configuration)  the  first  capacity  limit  on  the 
system.  This  unit  interfaces  between  the  central  processing 
unit  (CPU)  of  the  switch  and  incoming  and  outgoing  channels. 


'Currently  17  switches  and  41  truck  lines. 


This  is  necessary  because  incoming  and  outgoing  transmissions 
are  at  different  rates.  When  a message  comes  into  the  switch 
from  a tributary  user,  it  is  stored  in  ADU  data  memory  until  the 
CPU  sends  it  on.  When  the  CPU  transmits  the  message  to  another 
switch,  the  receiving  ADU  data  memory  stores  the  information 
received  from  the  originating  CPU  in  order  that  further  trans- 
mission can  be  accomplished  at  a speed  compatible  to  that  of 
the  receiving  subscriber's  equipment. 

Because  the  magnetic  core  storage  elements  are  scanned  at 
a fixed  rate  and  because  the  CPU  operates  at  internal  speeds 
faster  than  sending  or  receiving  subscriber  equipment,  differ- 
ing amounts  of  ADU  data  memory  are  required  for  differing  speed 
access  lines.  At  present,  all  leased  switches  are  configured 
with  ADU  data  memory  capacity  of  approximately  2340  line  blocks. 
The  current  protocols  assign  up  to  6 line  blocks  of  memory  to 
all  low-speed  channels  (75,  150,  and  300  baud),  up  to  18  line 
blocks  to  medium-speed  (600  and  1200),  and  up  to  28  line  blocks 
to  high-speed  channels  (2400  and  4800  baud).  The  amount  of 
memory  absorbed  by  low-,  medium-,  and  high-speed  lines  is  thus 
in  the  ratio  of  3 to  9 to  14 . These  ratios  are  used  in  the 
calculation  of  connectivity  fees.  The  leased  switches  can 
accommodate  250  trunk  or  subscriber  channel  connections,1  but 
83  high-speed  connections  or  130  medium-speed  connections  would 
exhaust  the  ADU  memory  capacity. 

Although  the  vast  majority  of  the  messages  are  narrative 
traffic,  bulk  computer-to-computer  transmission  constitutes 
a rapidly  growing  share  of  total  volume.  Plans  exist  for  a 
second  network,  AUTODIN  II,  to  complement  and  to  some  extent 


IrThe  eight  government -owned  switches  in  Europe  and  the  Pacific  operate 
somewhat  differently,  utilizing  a dynamic  assignment  procedure  employing 
Line  Traffic  Coordinator  processor  units  to  interface  input-output  channels 
and  central  processing  elements  within  the  switch.  These  switches  can 
accomodate  100  to  200  access  lines,  including  trunks,  depending  on  how 
they  are  configured. 


replace  AUTODIN  I.  AUTODIN  II  is  a packet-switching  network 
designed  for  computer-to-computer  communication.  Packet- 
switching involves  high-speed  switch-to-switch  transmission 
at  50,000  bits  per  second.  Messages  are  broken  up  into 
"packets,"  each  of  which  is  transmitted  separately  by  whatever 
route  is  available  to  the  addressed  switch  and  terminal. 
Packet-switching  requires  that  a direct  logical  connection 
between  sender  and  addressee  exist  for  a packet  to  be  dis- 
patched; unlike  the  message  route  with  circuit  switching, 
however,  the  specific  path  may  vary  from  packet  to  packet.  The 
system  permits  the  maximum  use  of  the  capacity  of  multiple- 
channel  high-speed  trunks.  When  AUTODIN  II  becomes  operational, 
a substantial  portion  of  AUTODIN  I users  will  be  connected. 
Eventually  the  AUTODIN  I switches  will  become  service  centers 
interconnected  by  AUTODIN  II. 

DCA  is  responsible  for  AUTODIN  I network  management  but 
the  equipment  in  the  United  States,  including  Hawaii  (nine  of 
the  17  current  switches),  is  leased  from  Western  Union,  as 
are  some  of  the  trunk  lines  (the  others  are  leased  from  other 
carriers).  DCA  must  pay  for  the  equipment  and  services  annually. 
It  does  so  from  its  industrial  fund  which  in  turn  receives  pay- 
ments from  the  using  agencies. 

The  Communications  Services  Industrial  Fund,  out  of  which 
AUTODIN,  AUTOVON,  and  other  communications  services  are  paid, 
is  a revolving  fund,  replenished  by  transfers  from  the  customer 
agency  appropriations.  DCA  acts  as  the  agent  for  various  DoD- 
related  units  of  the  Federal  government  in  paying  for  leased 
communications  services.  In  FY  77,  over  $390  million  will  have 
been  paid  for  communications  services.  Of  the  $390  million, 

$48  million  will  have  been  for  AUTODIN  backbone  costs.1 


Appendix  D gives  detailed  breakdowns  of  backbone  costs  for  recent  years 
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B.  CURRENT  PRACTICES 

AUTODIN  costs  currently  are  allocated  exclusively  on  the 
basis  of  charges  for  "connectivity."  DCA  bills  each  user 
monthly  for  the  number  of  access  lines  (connections  to  AUTODIN 
switches)  he  has  in  place.  There  are  three  different  charges, 
depending  upon  the  speed  of  service.  Slow-speed  users,  who 
connect  with  equipment  transmitting  at  either  75,  150,  or  300 
bits  per  second,  are  charged  the  lowest  monthly  rate.  Medium- 
speed  users  with  600-1200  bits  per  second  or  greater  pay  the 
highest  monthly  rate.  The  three  rates  are  in  the  ratio  of  3 
to  9 to  14.  These  ratios  derive  from  the  technical  character- 
istics of  the  first  constraint  on  switch  capacity,  the  ADU 
memory . 1 

Users  are  requested  to  project  the  number  of  access  lines 
of  various  speeds  that  they  expect  to  require  over  a twelve- 
month  period.  DCA  then  converts  these  projections  of  access 
line  requirements  into  an  equivalent  number  of  "weighted  units." 
A high-speed  line  for  one  month  is  equal  to  fourteen  weighted 
units,  a medium-speed  is  nine  and  a slow-speed  is  three. 

Once  the  total  number  of  weighted  units  is  arrived  at, 
it  is  divided  into  the  projected  backbone  cost  to  obtain  a 
monthly  cost  per  weighted  unit.  This  cost  is  then  multiplied 
by  three  to  arrive  at  the  monthly  charge  for  a slow-speed  line, 
by  nine  for  the  medium-speed  charge,  and  by  fourteen  for  the 
high-speed  charge.2  The  total  cost  for  an  agency  is  calculated 


lrThis  assumes  a Western  Union  leased  switch  with  eight  quadrants  of  memory. 
Other  limiting  factors  on  switch  capacity  are  the  number  of  access  lines 
(its  access  line  termination  and  trunk  terminations)  and  trunk  termina- 
tions at  250  per  switch  and  the  throughput  limit  of  approximately  250,000 
baud. 

2The  procedure  for  calculating  rates  requires  first  the  computation  of  the 
number  of  "weighted  units"  implied  by  service  plans.  The  estimated  total 
backbone  cost  is  divided  by  total  weighted  units  to  derive  a "weighted  unit 
cost,"  then  the  weighted  unit  cost  is  multiplied  (continued  on  next  page) 
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on  the  basis  of  the  actual , as  opposed  to  projected,  number  of 
lines  of  each  speed  the  agency  has  in  place  during  each  month. 

Since  the  actual  number  of  lines  invariably  differs  from 
the  projections,  so  too  does  the  amount  of  money  collected  by 
DCA  differ  from  the  actual  backbone  costs.  Any  shortfall  or 
surplus  for  one  year  is  added  to  or  subtracted  from  the  esti- 
mated costs  of  the  next  budget  year  before  a new  set  of  line 
charges  are  calculated.  Currently,  no  charges  are  levied  for 
usage,  distance  or  precedence. 

In  the  following  discussion,  we  examine  the  rationale  for 
and  implications  of  a substantial  change  in  the  current  method 
of  allocating  backbone  costs.  A model  for  allocating  costs  on 
the  basis  of  usage,  distance,  and  precedence,  as  well  as  con- 
nectivity, is  developed  and  tested. 

C.  CONNECTIVITY  CHARGES  VS.  USE  CHARGES--A  THEORETICAL 

DISCUSSION 

AUTODIN  capacity  is  determined  by  potential  defense  con- 
tingencies and  is  sufficient  to  accommodate  both  more  access 


(contd)  by  3>  9,  and  lA  respectively  to  arrive  at  the  connectivity  fee  for 
slow-,  medium-,  and  high-speed  lines.  The  weighted  unit  cost  is  calculated 
as  follows: 
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annual  backbone  cost  in  dollars 

quantity  of  slow-speed  connections  (in  months  connected  x 
connections)  (weight  = 3) 


quantity  of  medium-speed  connections  (weight  = 9) 


quantity  of  high-speed  connections  (weight  = lA) 


a 


weighted  unit  cost  in  dollars  per  month 


B 

3S  + 9M  + PH  * 


slow-speed  connectivity  fee 
medium-speed  connectivity  fee 
high-speed  connectivity  fee 
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lines  and  more  traffic  than  at  present.  Backbone  costs  are 
largely  fixed  and  would  not  be  changed  by  adding  or  subtracting 
relatively  large  numbers  of  subscribers.  As  a result,  the 
question  we  wish  to  examine  is  only  indirectly  one  of  pricing 
services.  The  main  objective  is  to  find  an  equitable  and  effi- 
cient method  for  allocating  costs.  The  pricing  process  is  one 
means  to  this  end.  The  goals  to  be  achieved  are  maximum  utili- 
zation of  AUTODIN,  the  creation  of  incentives  for  users  to  make 
the  most  efficient  choices  in  acquisition  and  use  of  auxiliary 
equipment  and  in  the  employment  of  personnel,  and  the  achieve- 
ment of  an  appropriate  degree  of  equity  in  the  allocation  of 
costs  among  all  users.1 

If  all  users  had  Identical  demand  schedules  and  no  non- 
backbone auxiliary  equipment  were  required,  costs  could  effi- 
ciently be  allocated  by  having  a fixed  charge  for  usage — i.e., 
the  appropriate  pricing  would  be  much  the  same  as  currently 
exists.  However,  when  demand  schedules  differ  and  other  equip- 
ment is  required,  such  a pricing  system  can  lead  to  inefficient 
resource  allocation.  Some  customers  will  attempt  to  avoid 
the  single,  relatively  high,  fixed  charge  for  access  and  in 
the  process  pay  for  equipment,  resources,  and  alternative  ser- 
vices that,  from  an  overall  point  of  view,  are  redundant. 

Before  examining  the  system  as  it  actually  exists  and 
making  particular  recommendations  about  cost  allocation,  we 
shall  discuss  from  a more  theoretical  point  of  view  some  of 
its  economic  characteristics.  The  most  important  character- 
istics flow  from  the  fact  that  the  size  and  total  costs  of  the 
AUTODIN  backbone  are  fixed  and  virtually  independent  either 
of  the  number  of  access  lines  or  of  usage.2  This  has  two 

1In  the  accepted  terminology , a "user"  is  one  of  the  services  or  an  agency. 
When  referring  to  individuals  or  offices  actually  sending  messages,  we 
shall  apply  the  term  "direct  user." 

2As  we  shall  see  later,  the  memory  capacity  of  the  switches  could  be 
exceeded  if  all  lines  were  made  high  speed.  . 


implications.  First,  the  current  marginal  cost  of  carrying  an 
additional  message  is  zero;  second,  the  current  marginal  cost 
of  an  additional  hook-up  is  zero.  (We  emphasize  that  we  are 
talking  only  about  backbone  costs,  not  the  cost  of  having  access 
lines.)  If  one  were  to  observe  the  classical  economic  dictum 
of  setting  price  equal  to  marginal  cost,  there  would  be  no 
charge  for  either  access  or  messages.  And  yet  the  costs  of  the 
system  must  somehow  be  allocated  to  the  users. 

In  a sense,  the  current  system  is  very  much  like  a classic 
public  good.  Usage  by  one  person  does  not  preclude  another 
from  using  it.  The  economic  theory  concerning  the  allocation 
of  public  goods  implies  that  people  should  be  charged  a lump 
sum  according  to  how  much  they  value  the  good  itself.  Such  a 
valuation  for  AUTODIN  is  impossible  to  obtain,  of  course,  but 
the  most  efficient  kind  of  pricing  system  would  be  one  which 
closely  approximated  it.  In  fact,  this  is  the  way  in  which  we 
shall  define  "equity” — that  pricing  structure  is  most  equitable 
which  most  nearly  allocates  costs  on  the  basis  of  what  appears 
to  be  the  user’s  valuation  of  the  services  he  receives. 

There  are  basically  two  methods  for  allocating  the  costs 
of  AUTODIN  service.  One  is  to  charge  for  access;  the  other  is 
to  charge  for  use.  Choosing  one  or  the  other  of  these  two 
methods  in  its  pure  form  could  lead  to  user  behavior  different 
from  the  optimal,  "optimal"  being  defined  as  that  which  would 
occur  if  each  was  asked  to  place  his  own  value  on  the  service 
and  then  select  his  own  equipment  and  amount  of  use.  The  ques- 
tion is— what  pricing  policies  are  likely  to  result  In  the  least 
deviation  from  this  optimum? 

Any  user  making  a decision  on  how  many  access  lines  to 
acquire  and  what  mix  of  equipment,  people,  and  media  to  use  in 
performing  his  communications  activities  will  seek  to  minimize 
his  own  budget.  His  primary  concern  is  the  cost  he  has  to  pay, 
not  the  overall  cost  to  the  DoD.  The  higher  the  charge  for 
each  access  line  to  an  AUTODIN  switch,  the  more  attractive 


become  alternatives  that  permit  the  user  to  reduce  the  number 
of  access  lines  he  contracts  for.  For  example,  if  the  cost  of 
an  AUTODIN  connection  is  high  relative  to  the  cost  of  leasing 
lines  from  commercial  communications  companies,  he  may  attempt 
to  cut  costs  by  leasing  only  one  AUTODIN  line  and  creating  a 
message  center  which  receives  and  transmits  all  messages  and 
Is  connected  to  the  actual  origination  and  reception  points  by 
a network  of  commercial  lines  or  by  some  other  form  of  communi- 
cations.1 By  the  same  token,  a high  access  cost  could  induce 
a user  to  acquire  less  capacity  than  his  peak  load  requirement. 
Part  of  the  peak  load  would  then  be  allocated  to  other,  more 
costly  (in  real  terms)  communications  methods.  In  both  cases, 
the  total  communications  costs  would  be  higher,  although  each 
user  individually  would  believe  he  is  minimizing  his  own  costs. 

Thus,  the  lower  the  access  costs,  the  less  distortion 
there  will  be  in  selecting  equipment,  personnel,  and  alterna- 
tive modes  of  communication.  At  the  limit,  if  the  connectivity 
fee  were  zero,  the  user  would  have  no  incentive  to  choose  a 
communications  system  that  minimized  his  access  to  the  backbone 
while  increasing  his  other  costs. 

Let  us  now  consider  the  Incentive  effects  of  allocating 
costs  as  a function  of  usage.  This  could  be  accomplished  by 
charging  for  messages,  or  line  blocks,  or  both.  Ordinarily, 
individuals  or  entities  faced  with  a positive  cost  for  a good 
or  service  will  use  that  good  up  to  the  point  where  Its  mar- 
ginal value  is  equal  to  the  price  they  pay.  It  could  be  that 
AUTODIN  users  would  behave  the  same  way.  Since  the  current 
marginal  cost  of  an  additional  message  on  AUTODIN  is  zero, 
charging  a positive  price  could  create  distortions  In  that 
users  would  send  fewer  AUTODIN  messages  than  they  really  should. 


1 There  are  limits  to  this  process.  Access  through  another  switchboard  can 
be  inconvenient,  especially  if  all  users  are  not  under  the  same  managerial 
authority. 


from  an  economic  point  of  view.1  They  would  either  not  send 
as  many  total  messages  as  otherwise  or  they  would  turn  to 
other,  superficially  cheaper  but  less  efficient  alternatives 
such  as  ordinary  mail. 

We  thus  find  ourselves  in  the  position  of  saying  that 
theoretically  to  achieve  an  optimal  configuration  of  equip- 
ment, the  access  costs  should  be  zero,  and  to  achieve  optimal 
usage  of  the  system,  the  usage  charges  should  be  zero.  But 
the  costs  must  be  allocated  and  so  we  cannot  have  both  zero 
access  and  a zero  usage  charge.  We  are  left  with  a choice 
between  two  alternatives,  both  of  which  can  lead  to  a misalloca- 
tion  of  resources.  Recognizing  that  some  distortion  is  almost 
inevitable,  our  objective  then  becomes  to  choose  a pricing 
structure  combined  with  administrative  procedures  which  will 
minimize  overall  distortion  and  produce  the  desired  communica- 
tions services  at  the  least  total  cost.  We  think  such  a 
structure  is  possible  to  achieve.  The  solution  lies  in  pricing 
for  both  usage  and  access,  making  sure  that  actual  message 
senders  are  not  given  an  incentive  to  reduce  the  number  of 
messages  they  send.  At  the  same  time,  the  people  who  make 
decisions  on  equipment  purchase  and  system  configuration  should 
be  confronted  with  prices  for  access  lines  that  lead  to  optimal 
choices  of  equipment  and  personnel. 

Applying  this  pricing  rule  for  access  lines  means  that 
the  cost  of  access  should  be  low  enough  that  a user  will  not 
have  an  incentive  to  purchase  equipment  or  use  services  which 
would  increase  the  overall  cost  of  communications  activities 
relative  to  what  it  would  be  if  all  equipment  decisions  were 
made  by  a central  decision-maker.  Following  this  dictum  to 
the  letter  may  call  for  access  costs  to  be  zero.  As  we  shall 
see  later,  however,  there  are  legitimate  reasons  why  the 

*0f  course,  the  degree  of  distortion  will  depend  upon  the  elasticity  of 
demand  which  is  not  likely  to  be  very  high  for  AUTODIN  users. 
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connectivity  fee  should  not  be  eliminated  completely.  We  merely 
wish  to  emphasize  here  that  it  should  be  as  low  as  possible  sub- 
ject to  other  constraints. 

Of  course,  the  lower  the  access  charge,  the  greater  will 
be  the  fraction  of  costs  allocated  according  to  usage.  The 
cost  per  line  block  or  message  unit  will  go  up.  We  have  already 
argued,  however,  that  charging  by  usage  is  the  more  appropriate 
way  to  allocate  costs  equitably.  In  addition,  it  is  unlikely 
that  a usage  charge  will  result  in  significant  deviation  from 
optimal  utilization  of  the  system. 

Decisions  governing  usage  are  made  at  a much  lower  level 
than  decisions  on  access  lines.  The  people  who  actually  write 
messages  and  decide  how  many  to  send  and  by  what  medium  are 
not  the  ones  who  make  the  decisions  on  budgets.  The  direct 
users  pay  no  bills  and  have  no  reason  to  limit  their  use  or 
respond  to  any  kind  of  pricing  system  unless  directed  to  do  so 
by  superiors . 1 

It  appears  then  that  there  are  compelling  reasons  for 
believing  that  allocating  costs  primarily  on  the  basis  of 
usage  rather  than  access  would  lead  both  to  a more  "equitable" 
distribution  of  costs  and  to  a maximum  efficiency  of  system 
use.  To  return  to  our  public  good  analogy  and  define  "equita- 
bility"  in  terms  of  a value  to  a user,  actual  usage  is  the  only 
practical  measure  of  what  the  system  is  worth  to  a subscriber.2 
Large  usage  implies  he  is  getting  much  benefit  from  it;  small 
usage  the  reverse.  With  regard  to  efficiency,  a low  access 
cost  would  permit  the  user  to  choose  his  equipment  and  personnel 

1 Since  the  marginal  costs  are  negligible,  superiors  should  be  educated  to 
encourage  usage  rather  than  curtail  it. 

2It  is  possible,  of  course,  that  a user  would  place  a very  high  value  on 
the  first  few  messages  he  sends  and  relatively  low  marginal  values  on  the 
remainder,  but  there  is  no  way  to  estimate  such  differences.  As  a result, 
the  number  of  messages  is  the  best  observable  indicator  of  the  value  of 
the  service. 


configurations  primarily  on  the  basis  of  real  economic  costs. 
Allocating  cost  among  agencies  according  to  use,  while  at  the 
same  time  encouraging  direct  users  to  behave  as  though  the  ser- 
vices are  free,  would  encourage  the  substitution  of  AUTODIN  for 
any  other  communications  whose  real  costs  exceed  the  marginal 
cost  of  AUTODIN. 

We  have  thus  far  dealt  with  an  abstract,  simplified  ver- 
sion of  the  AUTODIN  system.  We  have  made  no  reference  to  trans- 
mission speed,  area  coverage,  precedence,  or  choice  of  units 
in  which  to  measure  usage.  We  shall  now  consider  these  in 
order,  with  emphasis  on  transmission  speed  and  distance  as 
these  will  exert  the  most  influence  on  the  application  of  the 
simple  rules  proposed  above. 

D.  CHARACTERISTICS  OF  THE  COST  ALLOCATION  SYSTEM 
1 . Transmission  Speed  and  Access  Charges 

Transmission  speed  is  a characteristic  cf  service  that  is 
currently  one  determinant  of  the  access  cost  for  AUTODIN  users. 
Before  we  can  make  a recommendation  as  to  whether  or  not  it 
should  remain  a determinant,  we  should  examine  whether  charges 
for  speed  are  necessary  for  the  achievement  of  the  objectives 
of  equity  and  efficiency.  There  are  three  categories — high, 
medium,  and  low — into  which  are  grouped  the  various  transmission 
speeds.  The  access  charges  for  these  three  categories  are 
related  to  each  other  in  the  ratios  of  3 : 9 i 1 ^ with  the  charge 
for  the  low  speed  having  three  times  the  basic  rate  for  a 
"weighted  unit."  These  ratios  reflect  the  maximum  amount  of 
ADU  memory  assigned  to  lines  of  the  different  speed  classes. 

If  costs  are  allocated  purely  on  the  basis  of  access  to 
the  system.  It  could  be  argued  that  differentiation  by  speed 
accomplishes  to  a certain  extent  the  equity  objective  we  have 
established.  The  people  who  require  a higher  transmission 
speed  are  presumably  the  people  who  have  more  data  to  transmit. 
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Thus,  allocating  costs  according  to  transmission  speed  is  from 
one  point  of  view  an  imperfect  substitute  for  allocating  costs 
according  to  usage.  We  say  "imperfect"  because  charging  for 
access  requires  that  people  be  put  into  one  of  three  discrete 
groups.  As  a result,  usage  within  a single  group  could  vary 
considerably  even  though  all  members  pay  the  same  amount. 

Allocating  costs  on  the  basis  of  usage,  on  the  other  hand, 
accomplishes  with  more  precision  what  charging  for  speed  accom- 
plishes so  imperfectly.  Those  individuals  making  greater  use  of 
the  system  would  automatically  pay  a larger  portion  of  its  costs. 
Moreover,  the  allocation  of  costs  would  be  along  a continuum 
rather  than  into  three  discrete  boxes  and  thus  would  reflect 
more  closely  the  value  of  the  service  to  the  individual  user. 

An  efficiency  problem  arises,  however,  if  access  speed  is 
not  charged  for.  ADU  memory  capacity  at  the  switch  is  more 
limited  than  transmission  capacity,  and  the  higher  the  speed  of 
access,  the  more  of  this  memory  capacity  is  absorbed.  Although 
there  is  currently  unused  capacity  in  the  system,  ADU  memory  is 
not  sufficient  to  permit  every  line  to  be  4800  baud.1  As  a 
result,  there  is  definitely  ? rationale  for  having  charges  to 
induce  those  who  do  not  need  high  speed  to  continue  using  low 
and  medium  speed  lines. 

The  appropriate  level  for  such  charges  is  somewhat  debat- 
able and  there  seems  to  be  no  single  operational  rule  one  can 
recommend.  It  is  possible,  however,  to  define  some  theoretical 
upper  and  lower  bounds  to  the  charges  that  should  be  levied. 

The  lower  bound  is  nothing  more  than  the  price  at  which  all  line 
capacity  is  absorbed.  This  can  be  illustrated  in  Figure  1.  The 
units  on  the  quantity  axis  are  weighted,  units  while  the  vertical 
axis  measures  their  price  to  the  user.  The  line  D is  the  demand 
for  line  connections  to  the  backbone  and  is  the  total  capacity. 

1Making  every  line  4800  baud  would  require  3500  line  blocks  of  ADU  memory 
per  switch;  the  current  capacity  is  approximately  2340. 
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Figure  1.  NOTIONAL  DEMAND  FOR  AUTODIN  SERVICE 


Demand  would  increase  as  price  fell  not  only  because  more 
lines  would  be  connected  but  because  the  price  differentials 
between  different  speed  lines  would  fall  as  well  and  users 
would  substitute  higher  for  lower  speeds.  The  access  price 
which  just  allocated  total  line  capacity  Qq  would  be  PQ  and 
is  the  lower  limit  for  access  costs.1  This  lower  limit  must, 
for  the  time  being,  remain  a theoretical  concept  since  there 
are  insufficient  data  upon  which  to  base  an  estimate  of  Pq.2 


decision  to  allocate  total  line  capacity  may  seem  to  contradict  the  idea 
that  national  security  requires  unused  capacity  in  order  to  satisfy  poten- 
tial demand  during  a war.  Presumably,  however,  the  requirement  for  unused 
capacity  would  be  primarily  for  throughput  rather  than  connectivity.  If 
some  amount  of  excess  capacity  were  required,  we  could  simply  define  Qq  as 
being  the  total  less  the  projected  excess  requirement. 

2It  is  not  impossible  that  P should  be  zero  if  at  a zero  price  all  memory 
capacity  is  not  absorbed. 
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There  are  two  ways  in  which  the  theoretical  upper  bound 
can  be  defined.  The  first  concept  we  shall  label  the  "cost 
limit."  It  is  a function  of  the  division  of  switch  costs 
between  that  for  ADU  memory,  which  is  absorbed  by  line  connec- 
tions, and  that  for  other  switch  capabilities.  The  second  con- 
cept, which  we  shall  call  the  "efficiency  limit,"  is  determined 
by  the  alternative  kinds  of  communications  services  from  among 
which  users  may  choose.  We  first  shall  examine  the  cost  limit 
and  discuss  how  it  can  be  derived  as  a function  of  the  alloca- 
tion of  switch  costs. 

As  discussed  earlier,  each  switch  in  DIN  I performs  two 
fundamental  functions.  It  temporarily  stores  messages  in  its 
ADU  memory  and  it  transmits  them.  The  memory  capacity  is  set 
aside  and  absorbed  in  different  amounts  by  lines  of  different 
speeds,  while  the  throughput  capacity  is  absorbed  only  by  size 
of  message  and  is  independent  of  access  line  speed--all  trunk 
transmission  occurring  at  the  same  speed.  Theoretically,  one 
can  conceive  of  a switch  as  being  a simple  mechanism  composed 
of  two  components,  a memory  and  a transmitter.  One  then  could 
obtain  figures  for  the  lease  costs  of  each  component  and  allo- 
cate the  memory  costs  by  charging  for  access,  and  the  trans- 
mission costs  by  charging  for  usage. 

In  reality,  precision  either  in  defining  equipment  by 
function  or  in  measuring  the  lease  cost  of  memory  is  impossible 
to  achieve.  Much  of  the  equipment  serves  both  functions.  Esti- 
mates we  have  obtained,  however,  indicate  that  of  the  PY  76 
$3.5  million  monthly  cost  for  DIN  I switches,  $750,000-850,000 
can  be  assigned  to  ADU's,  the  memory  buffers  being  the  con- 
straining element.  Thus,  ADU  memory  cost  is  approximately 
20-23  percent  of  the  total  lease  cost.  If  we  assume  that 
O&M  costs  are  associated  with  memory  and  non-memory  equipment 
in  approximately  the  same  ratio,  then  23  percent  of  total 


switch  costs  is  a rough  measure  of  the  upper  limit  of  costs  that 
should  be  recovered  through  charging  for  access.1 

The  alternative  upper  bound — the  efficiency  limit — is  based 
on  efficiency  considerations  and  depends  upon  the  alternatives 
open  to  users.  With  high  connectivity  fees,  users  have  an  incen- 
tive to  minimize  access  to  the  backbone  and  satisfy  communica- 
tions requirements  by  building  up  networks  behind  their  own 
message  processing  equipment.  The  overall  cost  to  the  government 
of  creating  such  networks  is  more  than  the  cost  of  providing 
similar  service  through  AUTODIN.  Access  charges  thus  should  be 
low  enough  so  that  these  kinds  of  alternative  network  buildings 
become  more  costly  than  adding  access  lines.  Determining  what 
this  level  is  may  be  difficult,  perhaps  impossible  except  through 
experimentation. 2 

One  of  the  upper  limits  we  have  discussed  can  be  binding. 

The  other  will  be  redundant.  If  the  efficiency  limit  is  below 
the  cost  limit,  it  should  be  the  upper  bound  on  the  ratio  between 
costs  collected  by  access  charges  and  total  costs.  Otherwise, 
even  though  only  a fraction  of  total  costs  are  collected  through 
access  fees,  these  will  still  be  incentives  to  expand  off  net 
services.  Perhaps  the  relationships  among  the  cost  limit,  the 
efficiency  limit,  and  lower  limit,  P , can  be  illustrated  best 
with  another  diagram  similar  to  Figure  1,  relating  access  charge 
to  the  quantity  of  weighted  units  demanded  by  users. 

In  Figure  2,  is  the  supply  of  line  connections;  D is  the 
demand;  PQ  is  the  access  charge  which  exactly  allocates  capacity; 
Pc  is  the  cost  limit,  it  is  determined  by  the  ratio  of  memory 
cost  to  total  cost;  and  P is  the  efficiency  limit.  Above  this 
level,  users  begin  to  find  it  attractive  to  reduce  the  number  of 


lrThis  also  may  be  a lower  limit  for  a practical  initial  charge,  as  DCA  must 
approach  the  optimal  access  charge  from  above,  i.e. , by  successive  price 
reductions. 

2 Some  information  might  be  obtained  from  talking  to  users  about  their  own 
system  designs. 
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Figure  2.  THEORETICAL  UPPER  AND  LOWER  BOUNDS 
ON  CONNECTIVITY  CHARGES 


access  lines  and  assemble  their  own  networks  behind  a switch- 
board. Since  previous  experience  is  not  sufficient  to  define 
the  demand  curve,  we  have  no  information  about  its  slope  or  the 
relationships  among  our  three  prices.  For  the  sake  of  illustra- 
tion, however,  we  have  postulated  that  the  cost  limit  is  below 
that  efficiency  limit.  Thus,  the  efficiency  limit  is  redundant 
and  the  cost  limit  determines  the  upper  bound  for  the  connec- 
tivity fee.  Any  charge  between  Pc  and  PQ  is  acceptable  from  an 
economic  point  of  view.  The  choice  will  affect  two  things — the 
amount  of  unused  memory  capacity  at  switches  and  the  allocation 
of  costs  among  users. 1 In  what  follows  we  use  the  cost  limit 

*We  should  mention  again  that  PQ  could  be  zero.  Although  it  is  unlikely, 
it  is  also  possible  that  P^  lies  above  P„. 
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in  estimating  the  appropriate  charges  to  be  applied  to  access 
and  to  usage.  Experience  with  such  an  allocation  of  costs  may 
well  indicate  that  it  is  desirable  to  lower  the  access  charge 
still  further. 

2 . Distance  Charges 

Currently,  access  to  AUTODIN  confers  with  it  the  ability 
to  send  messages  to  any  point  within  the  system.  Allocating 
operating  costs  by  charging  for  use  would  permit  higher  fees 
to  be  assessed  for  long  distance  messages  than  for  local  ones. 

The  rationale  for  charging  for  distance  can  be  illustrated  by 
considering  a very  simple  hypothetical  AUTODIN  system.  Con- 
sider an  AUTODIN  communications  system  with  just  three  switches, 
none  of  which  is  connected  to  any  other.  Assume  that  the  ADU 
memory  of  each  is  fully  used,  but  that  more  traffic  can  be 
transmitted.  (This  is  almost  inevitably  the  usual  situation 
given  the  relationship  between  transmission  capacity  and  access 
capacity  for  a switch.)  The  costs  for  each  switch  would  be 
borne  by  the  individual  users  of  each  switch. 

Now,  suppose  that  some  (but  not  all)  users  at  each  switch 
want  to  communicate  with  users  at  other  switches,  so  trunks  are 
added  which  connect  all  three  switches.  Trunks  require  ADU 
memory  just  as  do  access  lines.  Since  we  have  assumed  all 
memory  capacity  is  allocated,  either  some  users  must  be  dis- 
connected from  the  switches  in  order  to  make  room  for  the  trunks 
(4800  baud),  or  additional  memory  capacity  must  be  purchased  to 
permit  the  trunks  to  be  connected  without  eliminating  users. 

We  shall  assume  the  latter  so  that  the  total  cost  of  the  system 
rises  by  both  the  cost  of  leasing  trunks  and  the  cost  of  increas- 
ing the  memory  at  the  switches.  If  the  throughput  capacity  of 
all  switches  is  still  sufficient  to  handle  all  traffic,  both 


local  and  long  distance,1  then  these  memory  and  trunk  costs 
represent  the  total  increased  cost  of  operating  the  expanded 
system.  These  costs  should  clearly  be  borne  by  the  users  who 
send  messages  between  switches. 

If  the  key  assumption  that  we  have  used  is  a correct  one, 
i.e.,  that  the  throughput  capacity  of  switches  need  not  be 
increased  in  order  to  handle  the  volume  of  long  distance  mes- 
sages, then  we  now  have  a defensible  methodology  to  apply  to 
the  total  system  for  calculating  a local  message  unit  rate  and 
long  distance  rates.  To  illustrate  the  methodology,  we  shall 
assume  there  is  only  one  long  distance  message  area. 

The  cost  of  linking  terminals,  i.e.,  trunks  and  the  memory 
capacity  they  absorb,  should  be  allocated  to  long  distance  users 
in  proportion  to  the  number  of  messages  they  send.  The  back- 
bone costs,  exclusive  of  trunks  and  memory  capacity  required 
for  their  hookup,  should  be  allocated  to  everyone  as  a function 
of  both  connectivity  and  usage.2 

Those  relations  can  be  expressed  as  a simple  mathematical 
model.  Define  the  following  symbols: 

S = total  annual  cost  of  switches  (total  backbone 
exclusive  of  trunks) 

R = total  costs  allocated  by  connectivity  (total 
annual  cost  of  memory) 

a = ratio  of  memory  used  for  trunks  to  total  memory 
available 


1 "Local"  AUTODIN  traffic  is  that  which  is  routed  between  subscribers  served 
by  the  same  switch,  thus  utilizing  neither  interswitch  trunks  nor  switching 
center  facilities  at  another  switch.  Long-distance  traffic  involves  a 
sender  and  receiver  not  "homed"  [connected]  to  the  same  switch.  At  a mini- 
mum, one  other  switch  and  an  interswitch  trunk  line  would  be  used  to  com- 
plete the  transmission. 

2Throughout  the  following  discussion  we  make  the  implicit  assumption  that 
the  allocation  of  cost  between  connectivity  and  usage  is  on  the  basis  of 
memory  cost  rather  than  in  terms  of  the  opportunity  cost  of  users.  In 
other  words,  all  are  using  the  "cost  limit"  rather  than  the  "efficiency 
limit"  discussed  in  Section  III.C.  This  assumption  is  not  necessary. 


x = single  switch  messages 
y = long  distance  messages 
T = annual  trunk  leasing  cost. 

Then  the  cost  per  message  unit  for  single  switch  messages  should 
be  the  cost  of  switches  less  the  costs  allocated  to  connectivity 


(A) 


- S - R 
1 x + y 


The  cost  per  message  unit  for  long  distance  messages  should 
include  the  cost  of  using  a single  switch,  plus  the  trunk  cost 
and  fraction  of  memory  capacity  used  by  the  trunks: 


(B)  C = + a]^  -+-  T 

2 x + y y 

Equations  (A)  and  (B)  also  illustrate  the  difference  in 
allocation  of  switch  costs  between  the  situation  with  only 
local  capability  and  that  with  long  distance.  Since  y is  the 
increase  in  messages,  the  per  message  cost  with  only  local 
capability  would  be: 
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Since  < C^,  the  average  cost  per  message  unit  (ignoring  the 
trunk  and  new  memory  charges)  will  fall  when  switches  are  con- 
nected and  those  using  only  one  switch  will  pay  less  in  total 
for  their  messages  than  they  did  before  switches  were  linked. 
Those  using  the  long  distance  service  will  pay  more  of  the 
original  system  cost  because  they  are  sending  more  messages. 

In  addition,  they  will  be  sharing  among  themselves  the  cost  of 
creating  a linked  network  from  the  isolated  switches. 

In  the  example  we  have  discussed  only  two  classes  of 
messages — local  and  long  distance.  In  reality  it  is  possible  to 
divide  messages  into  three  distance  classes:  local,  which  enter 
and  leave  through  a single  switch;  area,  which  enter  one  switch, 
pass  over  at  least  one  trunk  and  exit  at  another  switch  within 


25 


the  same  geographic  area  (such  as  CONUS  or  Europe);  and  inter- 
avea  which  originate  in  one  area,  pass  through  an  overseas 
cable,  and  terminate  in  another  area. 

3 . Precedence 

Precedence  is  another  characteristic  that  must  be  con- 
sidered in  establishing  a rate  structure  for  allocating  costs. 
There  are  effectively  two  precedence  levels  for  AUTODIN — FLASH, 
and  all  others.  On  AUTODIN  I,  FLASH  messages  always  interrupt 
any  other  precedence. 

It  makes  sense  from  an  economic  and  resource  allocation 
viewpoint  to  charge  for  FLASH  on  the  basis  of  usage  rather 
than  capability.  Assessing  a fixed  fee  for  capability  means 
that  there  are  no  incentives  whatever  for  a user  to  limit  his 
use  of  the  FLASH  precedence.  As  a result,  it  is  likely  that 
FLASH  will  tend  to  be  over-utilized  by  those  with  the  capability. 
Collecting  for  usage,  on  the  other  hand,  would  cause  increased 
use  of  FLASH  to  lead  to  increased  costs. 

How  much  extra  to  charge  for  a FLASH  message  is  an  arbi- 
trary decision.  The  surcharge  could  be  either  a fixed  amount 
or  a multiple  of  the  non-FLASH  message  charge.  One  decision 
rule  might  be  to  set  the  FLASH  factor  so  that  the  projected 
bill  of  the  largest  FLASH  user  was  10  percent  greater  than  it 
would  be  if  the  FLASH  charge  were  zero.  Alternatively,  one 
could  make  adjustments  over  time  and  raise  the  FLASH  factor 
until  the  number  of  FLASH  messages  fell  by,  say,  50  percent, 
or  the  ratio  of  FLASH  to  total  is  only  X percent  where  X is 
less  than  the  current  number.  In  time  of  war,  FLASH  charges 
could  be  eliminated. 

The  recommendation  to  charge  for  FLASH  may  appear  to  run 
counter  to  our  argument  that,  since  total  costs  are  fixed  and 
marginal  costs  are  zero,  the  direct  user  should  not  be  con- 
fronted with  marginal  cost  decisions  and  that  billing  should  be 


done  on  an  aggregate  basis.  In  selecting  a higher  precedence, 
however,  the  FLASH  user,  even  though  he  does  not  increase  the 
total  costs  of  the  system,  does  impose  costs  on  other  people 
(through  delaying  their  messages)  and  he  should  pay  for  this.1 
The  non-FLASH  users  are  compensated  by  paying  lower  bills. 

One  way  in  which  the  precedence  costs  might  be  made  evident 
to  the  user  would  be  to  break  down  the  bill  into  two  parts. 

One  part  would  be  the  basic  charge  for  ordinary  use,  with  a 
lump  sum  figure  and  no  identification  of  usage  by  installation 
or  sending  office.  The  other  part  would  be  the  charge  for 
FLASH  messages  with  a very  fine  breakdown  of  the  installations 
and  senders  generating  the  FLASH  traffic.  In  this  way,  and 
if  so  desired,  pressure  could  be  brought  to  bear  upon  those  gen- 
erating the  FLASH  traffic  to  minimize  its  use.  Even  if  such  a 
billing  breakdown  is  not  undertaken,  the  knowledge  that  FLASH 
is  costly  may  have  some  psychological  effect  in  deterring  its 
use. 

4 . Measurement  of  Usage 

There  are  two  units  that  can  be  utilized  to  measure  usage, 
messages  and  line  blocks.  It  is  possible  to  set  up  a system 
that  charges  for  either  or  for  both.  If  rates  were  to  be  based 
exclusively  on  the  number  of  messages,  long  messages  and  short 
messages  would  cost  the  same.  Given  the  prevalent  and  growing 
use  of  computers  in  the  system,  and  the  fact  that  a large  data 
transmission  may  constitute  a single  message,  the  line  block 
seems  the  appropriate  unit  upon  which  to  base  allocation  of  costs. 

On  the  other  hand,  all  messages,  regardless  of  length, 
require  a certain  amount  of  header  information,  record  keeping, 
and  billing  costs,  and  involve  a fixed  amount  of  synaptic  activ- 
ity within  the  system.  These  fixed  cost  characteristics  would 


JIt  should  be  emphasized  here  that  he  does  not  increase  the  total  costs  of 
the  system;  he  simply  forces  others  to  wait  and  thus  imposes  costs  on 
them. 
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not  be  taken  into  account  if  costs  were  allocated  solely  on  the 
basis  of  line  blocks.  In  addition,  from  an  equity  point  of  view, 
in  most  cases  there  is  probably  some  fixed  value  to  being  able 
to  send  a message  that  is  not  measured  solely  by  its  length. 

As  a result,  it  seems  appropriate  that  usage  charges  be  a 
combination  of  a cost  per  message  plus  a cost  per  line  block. 

How  the  two  should  be  set  is  arbitrary,  but  the  fixed  charge 
per  message  within  the  US  should  probably  be  less  than  the  first 
class  postage  rate  of  15<t  since  letters  are  an  obvious  alterna- 
tive to  AUTODIN.  By  the  same  token,  the  international  message 
rate  should  be  less  than  the  international  airmail  rate  of  3 1 <fc - 
In  our  simulations,  we  shall  provide  examples  of  how  the  alloca- 
tions of  cost  among  users  is  affected  by  the  choice  of  various 
combinations  of  cost  per  message  and  cost  per  line  block. 

5 . International  and  Domes ti c Systems 

Although  there  are  real  resource  costs  involved  in  oper- 
ating all  of  AUTODIN,  the  only  costs  that  we  are  concerned  about 
allocating  are  those  that  are  paid  through  DCA  either  to  commer- 
cial firms  or  civilian  government  employees.  The  costs  of  owned 
switches  outside  the  U.S.  and  the  wages  of  military  personnel 
who  work  in  the  AUTODIN  system  are  of  no  concern  here.  The 
costs  to  be  shared  are  accounting  costs,  not  economic  costs. 

All  users  of  the  system  benefit  from  it  and  there  is  no 
justification  for  attempting  to  segregate  users  according  to 
whether  they  are  linked  primarily  to  a wholly-owned  switch  in 
Europe  or  a leased  one  in  the  U.S.  As  a result,  all  users  are 
to  be  treated  alike,  both  with  respect  to  connectivity  fees  and 
usage  fees.  The  costs  are  almost  exclusively  CONUS  costs,  but 
everyone  shares  them. 
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E.  A GENERALIZED  MODEL  FOR  ALLOCATING  COSTS  • 

Having  examined  the  significant  characteristics  of  AUTODIN 
that  impinge  upon  the  problem  of  allocating  costs,  it  is  possible 
now  to  integrate  them  and  arrive  at  a general  model  that  can  be 
used  to  calculate  appropriate  connectivity,  usage,  area,  and 
precedence  charges  as  a function  of  various  decision  parameters 
and  variables.  All  of  the  variables  and  parameters  have  been 
discussed  earlier  so  we  simply  shall  define  them  and  describe 
how  they  can  be  put  together  to  create  a model  for  allocating 
costs . 

We  define  the  following  symbols: 

S = total  annual  cost  of  switches  (including  both 
memory  and  throughput  but  not  trunk  leases) 

R = aS  = total  annual  cost  of  memory1  (total  connectivity 
costs ) 

D = portion  of  switch  (connectivity)  costs  to  be 
allocated  by  connectivity  charges 

d = connectivity  fee  per  weighted  unit 

a = ratio  of  memory  used  for  CONUS  trunks  to  total  CONUS 
memory  available  (this  is  0.23  in  the  previous 
example) 2 

b = ratio  of  memory  used  for  overseas  connecting  trunks 
to  total  CONUS  memory  available 

aR  = cost  of  memory  for  CONUS  long  distance 

bR  = cost  of  memory  for  overseas  long  distance 

T = cost  of  CONUS  trunks  plus  area  trunks  overseas 

c 

Tos  = cost  of  overseas  connecting  trunks 


!r  can  be  measured  directly  or  it  can  be  defined  as  the  product  of  a ratio 
a and  the  cost  of  switches:  R = aS.  This  definition  is  useful  if  a is 
either  constant  over  time  or  is  the  decision  parameter  whose  value  is 
changed  from  period  to  period. 

2Some  thought  should  be  given  to  whether  the  denominator  of  this  ratio 
should  be  total  CONUS  capacity  or  total  memory  used  for  all  connections. 
The  latter  allocates  the  cost  of  "unused"  memory  capacity  to  both  local 
and  long  distance. 
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N = number  of  weighted  units  (obtained  by  multiplying 
number  of  low-speed  lines  by  3,  medium  speeds  by  9, 
high  speeds  by  14,  and  adding) 

x = number  of  local  or  single  switch  messages 

y = number  of  area  (e.g.,  CONUS)  long  distance  messages 

2 = number  of  inter-area  messages. 

In  accordance  with  the  earlier  discussion,  aR,  bR,  Tc  and 

T (trunks  and  trunk  connections)  should  be  allocated  among 
o s 

long  distance  users  as  a function  of  usage.  This  means  that 
aR  and  bR  should  be  subtracted  from  the  total  connectivity  cost 
before  connectivity  charges  are  calculated.  Costs  to  be  allo- 
cated by  connectivity  charges  (symbolized  by  D)  thus  would  be: 

(1)  D = R - (a  + b)R  = (1  - a - b)R. 


The  connectivity  fee  per  weighted  unit  would  be: 


(2) 


d 


D _ (1  - a - b)R 
N N 


This  cost  should  be  multiplied  by  3>  9,  and  14  to  obtain  uhe 
access  charges  for  slow,  medium,  and  high  speed,  respectively. 


The  message  unit  charges  must  be  calculated  separately  for 
local,  area,  and  inter-area  calls.1  The  cost  per  message  unit 
for  local  (single  switch)  calls,  C^,  will  include  none  of  the 
costs  associated  with  long  distance.  It  is  equal  to  switch 
costs  less  memory  costs  divided  by  the  total  number  of  message 
unit  s : 2 


(3) 


p = S - R 
1 x + y + z 


lrThe  term  "message  unit"  here  refers  to  either  messages  or  line  blocks, 
whichever  is  selected  as  the  unit  of  measure.  We  later  describe  the 
process  of  calculating  charges  when  both  messages  and  line  blocks  are 
assessed. 

21he  switch  costs  must  be  allocated  among  all  calls,  local,  area,  and  inter- 
area, since  all  calls  pass  through  the  switches. 
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The  total  revenue  collected  for  single  switch  calls  would  be 
xC1 . 

The  cost  per  message  unit  for  area  (CONUS,  Europe,  or  Asia) 
messages  would  be  that  for  single  switch  plus  the  allocation  of 
costs  associated  with  trunks  and  trunk  connectivity  within  all 
areas : 1 


(4) 


S - R 
x + y + z 


+ 


aR  + T 
c 

y + Z 


The  area  trunk  costs  are  allocated  to  both  area  and  overseas 
messages  because  any  overseas  message  originating  at  a switch 
other  than  the  gateway  switch  will  use  area  trunks  and  memory 
capacity  as  well  as  the  overseas  trunks  and  capacity.  The 
total  revenue  collected  for  area  messages  would  be  yC^. 


The  cost  per  message  unit  for  inter-area  messages  would 
be  that  for  an  area  message  plus  the  allocation  of  costs  for 
overseas  trunks  and  connectivity: 


(5) 


S - R 
x + y + z 


+ 


aR  + T bR  + T 
c + os 

y + z z 


The  total  revenue  collected  for  overseas  calls  would  be  zC^. 

If  one  were  to  add  the  total  connectivity  charges  and  the  sum 
of  the  usage  charges  one  would  find  that  our  formulas  produce 
the  correct  amount  of  revenue.  This  can  be  shown  rather  easily. 

Connectivity  revenue  is:  D = (1  - a - b)R, 

Single  switch  revenue  is:  xC,  = X|S  ~ , 

j.  x * y ■ z 

f s R aR  + T -I 

Area  revenue  Is:  yO,  = y^T--+  ¥ + -JT^J  ’ 


lrThe  area  trunk  and  area  connectivity  costs  are  allocated  among  both  the 
area  and  inter-area  calls  because  both  sets  of  calls  pass  over  these 
trunks.  Local  calls  do  not. 
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r R R aR  + T bR  + T 

Overseas  revenue  is:  zCL  = z — , ~ , — + — — + 25. 

3 |_x  + y + z x+y  z 

Total  Revenue  is  (1  - a - b)R  + xC^  + yC^  + zC^ 

= (1  - a - b)R  +S-R+aR+T  + bR  + T 

c os 

= (l-a-b)R+S-R+aR+bR+T  +T 

c os 

= S + T + T 
c os 

The  latter  is  equal  to  total  costs. 

The  breakdown  for  costs  and  their  allocation  can  be  illus- 
trated schematically  as  shown  in  Figure  3.  The  large  block  which 
is  the  total  area  of  blocks  1,  2,  and  3 is  the  total  annual  cost 
of  switches.  It  corresponds  to  S in  our  algebraic  model.  The 
annual  cost  of  memory  is  the  left  hand  segment  of  the  large  box 
and  is  labeled  ADU  memory.  It  corresponds  to  R in  the  algebraic 
model.  That  portion  of  the  memory  that  is  absorbed  by  backbone 
trunks  lies  below  the  dotted  line  and  is  identified  by  the 
number  3-  It  is  the  equivalent  of  aR  + bR  in  our  algebraic 
model.  The  backbone  trunk  lease  costs  are  shown  as  the  small 
block  4 connected  to  the  memory.  In  the  algebraic  model  these 

would  be  T and  T . The  subscriber  access  lines  are  also 
c os 

shown  but  the  costs  of  these  are  paid  by  users  and  do  not  enter 
DCA's  budget. 

The  area  (l-a-b)R  is  allocated  to  subscribers  in  the  form 
of  access  charges.  The  area  S - R is  allocated  to  all  users  of 
the  system  as  a function  of  usage  measured  either  as  line-blocks 
or  messages.  That  portion  of  the  memory  capacity,  qR,  which  is 
absorbed  by  CONUS  trunks  plus  the  cost  of  CONUS  trunks,  T , is 
paid  for  as  a function  of  usage  by  senders  of  area  messages. 

That  portion  of  memory  capacity,  bR,  which  is  absorbed  by  over- 
seas trunks  plus  the  cost  of  overseas  trunks,  T , is  paid  for 

os 

as  a function  of  usage  by  overseas  message  senders. 


— 

— ... 
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Figure  3.  NOTIONAL  ALLOCATION  OF  COSTS 


1 . Usage  Charges  for  Both  Messages  and  Line  Blocks 

The  methodology  described  above  is  applicable  regardless 
of  whether  messages  or  line  blocks  are  the  measure  of  usage. 

The  variables,  x,  y,  and  z could  be  defined  as  the  number  of 
units  of  either.  It  is  a relatively  simple  matter  to  extend 
the  methodology  to  permit  charges  to  be  levied  for  both  messages 
and  line  blocks.  The  breakdown  between  them  can  be  determined 
in  either  of  two  essentially  equivalent  ways.  One  permits  a 
decision  to  be  made  on  the  cost  per  message,  for  example  10  cents 
per  local  message,  while  the  other  permits  a decision  to  be  made 
on  what  fraction  of  costs  are  to  be  allocated  by  messages  and 
what  fraction  by  line  blocks. 

To  illustrate  how  each  would  be  applied,  we  shall  define 
the  following  variables: 


x 

y 

z 


X ' 

y' 

z' 


m 


m 


m 


z 
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number  of  local  line  blocks 

number  of  area  line  blocks 

number  of  inter-area  line  blocks 

number  of  local  messages 

number  of  area  messages 

number  of  inter-area  messages 

fixed  charge  per  local  message 

fixed  charge  per  area  message 

fixed  charge  per  inter-area  message 

fraction  of  usage  costs  allocated  to  messages 

fraction  of  usage  costs  allocated  to  line  blocks. 


If  we  wish  to  exercise  the  option  of  assigning  a fixed 
charge  per  message  it  is  only  necessary  to  select  a value  for 
m and  then  calculate  the  revenue  that  these  charges  bring  in: 


(6) 

(7) 

(8) 


M, 


mxx 


M„ 


= V 


M. 


m z ' 
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The  revenue  from  the  messages  must  be  subtracted  from  the 
usage  cost  and  the  remainder  allocated  by  line  blocks. 
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If  we  wish  to  exercise  the  option  of  allocating  a certain 
fraction  of  usage  costs  to  messages  and  the  remainder  to  line 
blocks,  the  procedure  is  even  more  simple.  The  per  unit  costs 
of  messages  would  be: 


(3-t>)  61  " 


(4-b)  C,  . ,6<S  - R>  . + 6(aR  * Tc> 


'2  x"  + y'  + z'  y •*  + z' 


(t - : = B(S  - R)  . pva“ 

(5-b)  C3  x-  + y'  + 2-  y'  + 


6(aR  + T ) B(bR  + T ) 


os 


The  per  unit  line  block  costs  for  local,  area,  and  inter- 
area would  be: 


<3-=>  c-t . » = 


(4-c)  C,  - (1  - ♦ (1  ' 6)<a”  * V 


x y + z 


y + z 


(5-c)  C = (1  ~ B)(S  ~ R)  + 
(>b-c;  - x + y + z 


(1  - 6)(aR  + T ) (1  - B)(bR  + T ) 


os 


y + Z 


2 . Precedence  Charges 

It  is  a simple  matter  to  introduce  differential  charges 


for  precedence  into  the  formulas.  One  only  need  normalize  on 
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the  cost  of  non-FLASH  messages  and  then  multiply  this  cost  by  a 
factor  or  add  some  fixed  amount  to  arrive  at  the  FLASH  message 
cost.  Equations  (2),  (3),  and  (4)  would  need  to  be  modified 
slightly  to  obtain  the  unit  cost  for  non-FLASH  messages.  If  a 
factor  is  used,  the  modification  would  consist  of  multiplying 
the  number  of  FLASH  messages  contained  in  x,  y,  and  z by  the 
factor  before  summing.  The  denominators  in  these  equations 
then  would  be  the  number  of  normalized  messages.  Alterna- 
tively, if  a fixed  charge  per  FLASH  message  is  assigned,  the 
total  FLASH  charge  can  be  subtracted  from  the  costs  (S  - R) 
before  allocating  the  remainder.  Our  program  permits  any  of 
these  methods  to  be  used  and  also  permits  local,  area,  and 
inter-area  FLASH  messages  to  be  assessed  differently. 

We  would  recommend,  however,  that,  precedence  not  be  made 
a part  of  the  process  of  calculating  before-the-fact  charges 
for  usage.  We  believe  there  should  be  a charge  for  precedence 
but  the  revenue  collected  simply  should  be  subtracted  from 
the  following  year’s  costs  before  they  are  allocated.  Agen- 
cies cannot  reasonably  forecast  FLASH  usage,  but  a charge  and 
an  accounting  for  such  use  are  desirable  from  a managerial 
viewpoint . 

F.  AUTODIN  II 

AUTODIN  I is  a computer-based,  store-and-forward  message 
processing  system  offering  three  separate  services.  First, 
the  switches  provide  a host  for  users  to  access  the  system. 
Second,  each  switch  is  a message  processing  center  offering 
users  convenient  facilities  for  message  transmission.  Third, 
the  system  contains  a network  of  trunk  lines  for  long-haul 
transmission.  The  system  was  designed  to  provide  the  neces- 
sary communicat ions  capabilities  for  crisis  situations.  Con- 
sequently, it  is  oriented  to  narrative  traffic,  and  narrative 
messages  comprise  the  vast  majority  of  messages  transmitted. 


However,  a growing  share  of  traffic  volume  is  computer-to- 
computer  transmission. 

AUTODIN  II  is  a system  designed  expressly  for  computer-to- 
computer  linkages  including  interactive  or  real-time  networks. 
There  are  many  differences  between  AUTODIN  I and  AUTODIN  II, 
but  the  most  significant  is  that  AUTODIN  II  Is  designed  only 
to  provide  linkage.  It  will  be  a datagram  service  offering 
users  an  electronic  pipeline  with  which  to  transmit  messages 
to  other  users.  All  other  facilities  must  be  provided  by  the 
user.  As  contrasted  to  circuit-switching  or  message-switching, 
AUTODIN  II  will  be  packet-switching. 

A packet  is  simply  data  encoded  in  digital  form  preceded 
by  a header  signifying,  in  the  case  of  AUTODIN  II,  both  the 
recipient  and  the  sender.  In  a packet-switching  network,  all 
transmission  is  packets.  Any  message  must  be  decomposed  into 
packets  for  transmission,  and  the  recipient  must  reassemble 
the  packet  into  the  original  message.  The  system  transmits 
only  one  packet  at  a time.  In  AUTODIN  I,  by  contrast,  the 
system  accepts  and  Is  responsible  for  an  entire  message. 

The  AUTODIN  II  system  will  consist  of  a number  of  switch- 
ing centers,  each  containing  one  or  more  computers,  and  high 
speed  (50,000  baud)  transmission  lines  linking  these  computers. 
To  facilitate  access  to  the  system,  channel  control  units  will 
be  provided  to  interface  between  AUTODIN  II  users  and  AUTODIN 
II  switches,  and  these  units  will  perform  the  necessary 
message-to-packet  and  packet-to-message  transformation.  In  a 
circuit  switching  network,  the  path  between  two  users  may  vary 
from  connection  to  connection,  but  once  established  the  path 
remains  fixed.  In  a packet-switching  network  such  as  AUTODIN 
II,  the  path  between  any  two  users  may  vary  from  packet  to 
packet,  providing  both  maximum  efficiency  in  utilization  of  the 
system  and  greater  security.  Connection  is  established  between 
users  and  the  system  rather  than  from  one  user  to  another. 


Once  connected,  a user  may  enter  packets  into  and  receive 
packets  from  the  electronic  pipeline  the  system  provides.  All 
users  will  have  a coded  logical  address.  For  maximum  security, 
the  system  will  insert  the  address  of  the  sender  into  each 
packet  transmitted  and  will  restrict  each  user  to  transmission 
only  to  authorized  destinations.  The  system  recognizes  only 
packets,  so  that  sequential  packets  may  have  different  recip- 
ients. If  a recipient  is  not  currently  connected,  the  system 
transmits  to  the  sender  an  error  message. 

Since  AUTODIN  II  is  still  in  its  formative  stage,  some  of 
what  follows  must  be  speculative.  Both  AUTODIN  I and  AUTODIN  II 
will  be  operating  simultaneously  for  some  time,  since  they  pro- 
vide different  services  and  perform  different  functions.  How- 
ever, AUTODIN  II  will  replace  the  trunks  which  now  connect  the 
AUTODIN  I switches,  so  that  AUTODIN  I will  be  a major  user  of 
AUTODIN  II.  This  creates  a number  of  possibilities  for  over- 
lap, as  access  to  either  system  will  provide  access  to  both. 

The  AUTODIN  I switches  will  become  service  centers  providing 
specific  message  processing  capabilities.  In  addition,  the 
AUTODIN  I switches  will  be  the  host  for  low  speed  users  who 
otherwise  could  not  connect  to  the  communications  network. 

Most  of  the  same  characteristics  that  determine  cost  allo- 
cation in  AUTODIN  I exist  in  AUTODIN  II  as  well.  A connectivity 
fee  is  called  for  since  increasing  the  number  of  users  con- 
nected to  a given  AUTODIN  II  switch  will  increase  the  number 
of  computers  required  to  service  that  switch  and  the  number  of 
channel  control  units  required  to  provide  the  necessary  inter- 
face. From  a cost  point  of  view,  these  computers  play  a role 
analogous  to  that  of  the  ADU's  in  AUTODIN  I. 

Utilization  charges  would  require  somewhat  different  treat- 
ment in  AUTODIN  II  from  what  we  have  suggested  for  AUTODIN  I. 

The  number  of  packets  transmitted  provides  a reliable  measure 
of  usage  but  unless  some  changes  are  made  in  the  proposed 


software  governing  data  accumulation,  there  will  be  no  possi- 
bility of  charging  for  distance.  The  software  currently  under 
consideration  keeps  track  only  of  the  total  number  of  packets 
transmitted  by  a user  and  does  not  record  destination.  It 
will  still  be  possible  to  bill  AUTODIN  I users  for  distance, 
however,  even  though  their  messages  are  transmitted  on  AUTO- 
DIN II  trunks,  since  the  same  information  that  is  currently 
collected  will  still  exist  at  the  originating  AUTODIN  I switch. 

It  is  technically  feasible  to  install  software  that  would 
permit  billing  for  distance  on  AUTODIN  II  but  only  at  a cost. 

We  have  no  information  at  present  on  what  this  cost  would  be 
and  as  a result  cannot  assess  whether  the  additional  software 
would  be  worth  acquiring.  Much  depends  on  the  amount  of  AUTO- 
DIN I traffic  that  remains  and  on  the  distribution  by  distance 
of  the  AUTODIN  II  traffic. 

It  is  quite  possible  that  not  charging  for  distance  could 
produce  some  perverse  incentives  in  the  choice  and  use  of  com- 
munication facilities.  For  example,  many  users  in  the  same 
area  will  be  connected  to  the  same  AUTODIN  II  switch.  If  the 
traffic  between  them  is  fairly  large,  they  may  find  that  a 
direct  connection  costs  them  less  than  paying  for  transmission 
via  AUTODIN  II  when  all  message  units  are  billed  at  the  same 
price.  Lower  charges  for  local  AUTODIN  transmission  would 
mitigate  against  such  practices.  There  may  also  be  another 
incentive  problem.  Store-and-f orward  message  processing  re- 
quires two  elements:  a processing  computer  and  a linking  net- 
work. Since  AUTODIN  II  will  provide  the  linking  network, 
agencies  might  find  it  efficient  to  create  their  own  message 
processing  system  using  their  own  computer.  While  this  may  be 
cost  effective  from  the  viewpoint  of  the  U.S.  Government  as 
well  as  from  the  viewpoint  of  the  agency,  it  does  risk  losing 
a valuable  commonality  in  protocol.  A lower  charge  for  local 
transmission  would  keep  a central  system  such  as  AUTODIN  I 


more  cost  competitive.  In  this  report,  we  can  only  recommend 
that  these  potential  problem  areas  be  investigated  and  appro- 
priate policy  established. 


Even  though  it  may  not  be  possible  to  charge  for  distance 
there  should  certainly  be  a charge  for  the  use  of  precedence. 
With  AUTODIN  II,  precedence  is  potentially  more  disruptive  than 
it  is  in  AUTODIN  I.  Use  of  a high  priority  in  AUTODIN  I only 
delays  receipt  of  lower  priority  messages;  in  AUTODIN  II,  prec- 
edence use  may  cause  communications  between  users  to  be  broken. 
For  short  messages,  the  cost  may  not  be  great,  but  with  long 
transmissions  the  cost  of  reconstituting  a message  and  begin- 
ning again  may  be  considerable.  Abuse  of  precedence  is  a 
potentially  serious  problem  if  there  are  no  costs  imposed  on 
FLASH  users.  If  some  subscribers  find  their  own  communica- 
tions activities  are  being  hindered  because  of  other's  use 
of  FLASH,  they  will  respond  by  using  FLASH  themselves  if  they 
have  the  capability,  thus  increasing  the  number  of  preemptions 
suffered  by  non-FLASH  users.  The  actual  harm  from  excess  use 
of  precedence  may  be  slight  given  the  design  and  implementation 
of  the  system,  but  proper  pricing  rules  that  impose  costas  on 
the  use  of  precedence  might  prevent  a problem  from  ever  develop- 
ing. It  is  presently  planned  that  the  right  to  precedence  would 
be  charged  for  as  part  of  the  access  fee.  It  appears  mpre 
sensible  to  charge  for  precedence  use  by  packets  transmitted 
than  by  access,  however. 


There  is  one  final  complication  In  AUTODIN  II — the  possi- 
bility of  having  dial-in  and  dial-out  customers.  These  users 
would  not  have  their  own  access  lines  but  would  connect  for  a 
limited  time  via  telephone  lines  or  similar  access.  A sensible 
basis  for  charging  these  customers  would  be  connect  time,  the 
elapsed  time  the  user  actually  is  connected  to  the  AUTODIN  II 
system.  Charging  for  connect  time  is  a standard  feature  of 
commercial  algorithms  for  similar  computer  or  communications 
networks,  however,  and  should  present  no  problems. 
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In  conclusion,  to  the  extent  possible,  a single  pricing 
schedule  should  be  developed  for  the  integrated  AUTODIN  I and 
AUTODIN  II  system.  As  we  have  noted,  there  are  some  differ- 
ences in  careful  analysis.  The  major  objective  should  be  to 
design  a pricing  structure  that  contains  the  least  amount  of 
perverse  incentives  to  users  and  encourages  efficient  use  of 
existing  communications  capabilities  while  staying  within  the 
constraints  imposed  by  cost  and  technology.  This  is  an  area 
that  will  require  continuing  study  as  AUTODIN  II  develops  in 
order  that  the  information  needed  for  the  billing  system  can 
be  one  of  the  elements  taken  into  consideration  in  selecting 
software  for  AUTODIN  II. 
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III.  SENSITIVITY  TESTING  OF  THE  AUTODIN  RATE  MODEL 

The  cost  allocation  model  developed  in  Chapter  II  Implies 
certain  relationships  among  costs,  network  characteristics,  and 
system  use  that  yield  varying  rates  to  recover  backbone  costs. 
In  order  to  investigate  these  relationships  as  a step  toward 
predicting  the  impact  of  such  a cost  allocation  system  as  is 
proposed,  a computer  simulation  expressing  the  model  was  devel- 
oped and  applied  to  a DCA  collected  sample  of  actual  AUTODIN 
traffic.1  An  estimate  of  system  costs  for  PY  1978  from  budget 
submissions  was  used  to  provide  the  financial  input.  The  simu- 
lation produced  as  output  the  monthly  charges  and  message  rates 
implied  by  the  input  parameters,  as  well  as  the  resulting  dis- 
tribution of  backbone  costs  by  agency.2 

A.  PARAMETERS  AND  THEIR  VALUES 

The  model,  as  described  in  Chapter  II,  makes  the  rates  to 
be  charged  for  connectivity  (access)  and  usage  dependent  upon: 
the  division  of  total  costs  between  switching  services  and 
trunks,  the  fraction  of  switch  cost  which  is  ascribable  to  ADU 
memory  (a),  the  number  and  speed  of  access  lines,  and  the  num- 
ber of  trunk  terminations  of  switches  as  divided  between  intra- 
and  inter-area  trunks.  Some  of  these  inputs  are  projected  or 
actual  costs  which  the  model  uses  to  compute  parameters  such  as 
a;  others  are  decision  variables,  such  as  message  surcharges 


1The  IDADIN  computer  simulation  and  the  DCA  data  are  documented  in  Appen- 
dixes B and  C.  The  data  sample  was  for  seven  days  of  system  traffic.  How- 
ever, the  simulation  has  expanded  this  to  an  annual  basis. 

2 Facsimiles  of  the  output  formats  are  included  in  Appendix  B,  Vol.  II. 
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which  DCA  might  want  to  use  to  achieve  its  various  objectives. 
Other  values  are  derived  from  technical  relationships  such  as 
the  network  arrangement  of  switches,  trunks  and  subscriber  lines 

The  model  provides  the  option  of  calculating  either  the 
line  block  rates  or  the  message  charges  or  any  combination  of 
both  that  will  recover  all  costs.  If  the  user  wishes  to  fix 
the  surcharge  for  messages  in  each  distance  category  and  then 
calculate  the  line  block  rates  needed  to  recover  remaining  usage 
cost,  he  may  specify  such  an  option.  The  model  also  permits  the 
user  to  impose  a weighting  factor  for  distance  that  will  apply 
to  calculating  line  block  or  message  rates.  Finally,  a weight 
or  surcharge  can  be  specified  for  all  FLASH  messages,  and  the 
effect  on  other  rates  assessed. 

For  the  sensitivity  tests  discussed  below,  fcertain  inputs 
were  fixed.  The  costs  are  approximately  those  in  the  FY  78 
budget.  Annual  switch  costs  were  set  at  about  $44  million. 

From  various  sources  it  was  estimated  that  from  18-22  percent 
of  switch  costs  could  be  attributed  to  ADU  memory;  so  a was  set 
at  20  percent  yielding  about  $8.8  million  as  the  memory  cost. 
Leased  trunks  in  the  U.S.  were  estimated  at  about  $356,000  per 
year  and  overseas  trunks  (inter-area)  at  $1.8  million.  The 
exact  figures  and  additional  definitional  material  are  given 
in  Table  4. 

On  the  technical  side,  certain  characteristics  were  assumed 
to  be  fixed,  although  as  a practical  matter  small  changes  are 
constantly  occurring  in  the  actual  network  configuration.  All 
nine  leased  switches  were  included  in  the  calculations  and 
assumed  to  have  2,3^0  line  blocks  of  ADU  memory  each  (eight 
quadrants).  The  number  of  trunk  terminations  in  CONUS  was  set 
at  56;  from  overseas  at  17.  Each  was  assumed  to  use  28  line 
blocks  of  assignable  ADU  memory  at  the  switch. 


(continued  on  next  page) 
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B.  TRAFFIC  SAMPLE 


The  distribution  of  message  traffic  by  distance,  speed 
class,  and  precedence  among  various  originating  agencies  for 
the  simulated  one-year  period  was  assumed  to  be  the  same  as 
in  the  sample  of  1976  AUTODIN  traffic  supplied  by  DCA.  The 
sample  contained  1,322  access  lines  of  which  893  were  slow, 

315  were  medium,  and  114  were  high  speed.  These  were  assigned 
to  "agencies,"  which  are  the  budgetary  entities  controlling 
communications  access.1  Approximately  51  percent  of  the  mes- 
sages and  46  percent  of  the  line  blocks  were  accounted  for  by 
two  agencies.  The  five  largest  users  accounted  for  over  80% 
of  the  messages  and  92%  of  the  line  blocks.  The  division  of 
messages  among  local,  area,  and  inter-area  was  29%,  25%,  and 
46%,  while  line  blocks  were  allocated  in  the  ratios  of  26%, 
21%,  and  53%.  FLASH  precedence  traffic  was  1/2  of  1%  of  mes- 
sages and  1/10  of  1%  of  line  blocks  indicating  that  FLASH 
messages  are  considerably  shorter  than  average.2 


C.  SIMULATION  AND  SENSITIVITY  ANALYSIS 

The  model  we  have  developed  provides  a rich  variety  of 
possibilities  in  terms  of  alternative  ways  of  allocating  costs. 
First,  it  is  possible  to  vary  the  allocation  between  usage  and 
connectivity.  Second,  the  usage  itself  can  be  allocated  either 
as  a function  of  messages,  or  line  blocks,  or  both.  Third, 
charges  can  vary  as  a function  of  distance.  Fourth,  fixed 


1The  data  tapes  provided  a four-character  alpha-numeric  PDC  code  to 
identify  each  constellation  of  lines.  The  "agencies"  represent  the 
aggregation  of  all  FDC  codes  with  identical  initial  characters.  Appen- 
dixes B and  C provide  those  who  have  access  to  the  codes  with  informa- 
tion to  identify  offices  and  agencies.  The  study  group  preferred  to  do 
their  analysis  without  considering  agency  identities  so  as  not  to  pre- 
judge frcm  other  knowledge. 

2Many  of  these  may  be  test  messages  designed  to  regularly  exercise 
comand  and  control  links  for  contingencies. 
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surcharges  can  be  levied  for  various  classes  of  messages, 
by  distance  or  precedence.  In  order  to  display  most  clearly 
the  effects  of  changing  the  cost  allocation  procedures,  we 
have  prepared  a series  of  tables  which  relate  the  values  of 
various  outputs,  connectivity  fees,  message  unit  charges,  and 
the  distribution  of  costs  among  users  to  the  values  of  various 
input  parameters.  The  backbone  costs  used  are  the  projected 
costs  for  FY  78.  The  traffic  figures  are  a one-week  sample 
collected  by  DCA  in  1976.  A complete  description  of  the  sample 
is  contained  in  Appendix  B. 

Table  5 contains  the  results  of  several  different  simula- 
tion exercises.  The  upper  part  of  the  table  shows  the  percent- 
age of  total  costs  borne  by  each  of  the  agencies  under  differ- 
ent methods  of  allocating  costs;  the  next  block  of  figures 
indicates  the  monthly  connectivity  fees  that  would  be  assessed; 
the  final  two  blocks  contain  the  per-unit  charges  that  would 
be  levied  on  line  blocks  and  on  messages. 

To  provide  a benchmark  for  comparison.  Table  5>  Column  A, 
shows  the  connectivity  fees  and  sharing  of  cost  among  agencies 
that  will  exist  if  the  current  system  of  allocating  costs 
solely  as  a function  of  connectivity  is  continued,  and  if 
the  future  traffic  is  distributed  in  the  same  way  as  the  study 
sample.  Agencies  are  Identified  only  by  a letter  in  order 
that  results  not  be  prejudged  in  terms  of  whom  they  affect.1 

Column  B of  Table  5 shows  the  results  that  are  obtained 
using  a much  different  set  of  parameters.  The  switch  leasing 
costs  are  allocated  in  the  ratio  of  20  percent  to  connectivity 
and  80  percent  to  utilization.  Utilization  is  charged  as  a 
function  of  line  blocks,  while  distance  charges  are  assessed 
in  accordance  with  the  method  discussed  on  pages  30  and  31 


1 "Agency"  as  used  here  is  a construct  provided  by  sunning  on  the  first 
character  of  a four-digit  alpha-numeric  "program  designator  code"  obtained 
from  DCA-supplied  computer  tape  records. 


Table  5.  COMPARATIVE  SIMULATION  RESULTS 


Percent  of  Total  Backbone  Cost 


100  Percent 
Connectivit 


a = 0.20 
Line  Blocks 


a = 0.20 
Messages 


Representative  Case 
Message  Surcharges 


(Totals  may  not  add  to  100  due  to  rounding) 


Monthly 

Connectivity 

Charge 


Base 

Low  Speed 
Medium  Speed 
High  Speed 

Use  Charges 
Line  Blocks: 


Average  Mes- 


541 .41 
1,624.22 
4,872.65 
7,579.68 


93.01 

279.04 

837.11 
1 ,302.17 


93.01 

279.04 

837.11 

1,302.17 


93.01 

279.04 

837.11 

1,302.17 


Local 

n.a. 

0.0086 

n.a. 

0.0035 

Area 

n.a. 

0.0090 

n.a. 

0.0038 

Inter-Area 

n.a. 

0.0099 

n.a. 

0.0047 

sage  Cost: 

Local 

n.a. 

0.3159' 

0.3442 

Area 

n.a. 

0.2968' 

0.3581 

Inter-Area 

n.a. 

0.4501  ' 

0.4000 

0.22862 

0.27532 

0.51372 


'The  average  line  block  length  for  these  messages  Is  36.73  for  local,  32.98  for  area 
and  45.96  for  Inter-area. 

2The  average  line  block  length  Is  the  same  as  Case  B.  The  surcharges  are  $0.10  for 
local  messages,  $0.15  for  area,  and  $0.30  for  Inter-area  messages. 


in  Chapter  II.  As  can  be  seen,  the  connectivity  fee  for  a 
weighted  unit  falls  from  $541 . 4l/month  of  $93. 01/month  and  the 
fees  for  low,  medium,  and  high  speed  lines  fall  by  the  same 
proportion.  The  cost  per  line  block  is  $0.0086  for  local, 
$0.0090  for  area,  and  $0.0099  for  inter-area.  There  is  no 
charge  for  PLASH.  The  shares  of  costs  borne  by  different 
agencies  change  by  varying  amounts.  Agency  G is  most  adversely 
affected  with  its  share  rising  from  5.2  to  18  percent.  Agency 
P appears  to  receive  the  most  benefit  with  its  share  falling 
from  7.09  percent  to  4.03  percent. 

The  same  parameter  value  for  a and  the  same  method  for 
charging  for  distance  are  used  in  obtaining  the  figures  in 
Column  C except  that  all  usage  costs  are  calculated  as  a 
function  of  messages  rather  than  line  blocks.  As  can  be  seen, 
the  distribution  of  costs  among  agencies  is  quite  different 
from  that  of  Column  B.  Agencies  with  longer  average  messages 
now  pay  a smaller  share  of  costs. 

Finally,  Column  D contains  the  figures  for  a representa- 
tive case  using  the  same  allocations  between  connectivity  and 
utilization  (a  = 20  percent)  but  imposing  a cost  per  message 
of  $0.10  for  local,  $0.15  for  area,  and  $0.30  for  inter-area 
messages  and  allocating  the  remainder  of  the  utilization  costs 
according  to  line  blocks. 

As  would  be  expected,  the  "representative  case"  shares 
of  costs  for  each  agency  lie  between  the  extremes  of  100  per- 
cent line  block  charges  and  100  percent  message  charges. 

Further  examination  of  the  figures  shows  the  representative 
case  distributes  costs  among  the  agencies  between  the  extremes 
of  pure  "connectivity"  and  pure  "usage"  models.  Figure  4 pro- 
vides this  agency  comparison  in  the  form  of  a bar  chart.  Note 
that  shifting  from  connectivity  to  usage  as  measured  by  line 
blocks  affects  Agency  "G"  significantly,  while  shifting  to 
usage  as  measured  by  messages  has  a major  impact  on  Agency  "C". 


The  "representative  case,"  were  its  values  adopted  in  setting 
rates,  would  impose  upon  Agencies  C,  6,  and  G significant  budget 
increases  compared  to  those  faced  with  pure  connectivity;  Agen- 
cies D and  B would  experience  substantial  reductions. 

Clearly,  there  are  an  infinite  number  of  combinations  of 
inputs  that  could  be  tried  with  different  results.  We  cannot 
present  all  of  them  but  we  can  provide  some  illustrations  of 
what  happens  to  various  output  values  as  one  input  parameter 
is  varied  while  all  the  others  are  held  constant  at  some  arbi- 
trary value.1 

D.  EFFECTS  OF  VARYING  a 

Figure  5 graphically  illustrates  how  the  choice  of  a,  the 
ratio  of  memory  to  total  switch  costs,  affects  the  allocation 
of  costs  between  connectivity  fees  and  usage  charges.  The 
usage  allocation  is  further  broken  down  to  indicate  the  shares 
collected  from  local,  area,  and  inter-area  users.  Some  usage 
charges  remain  even  when  a is  one  and  switch  costs  are  collected 
entirely  through  a connectivity  fee,  because  trunk  leasing  costs 
are  allocated  to  area  and  inter-area  calls. 

In  looking  at  the  solid  line  in  Figure  5,  we  see  that  as  a 
increases  from  zero  to  100  percent  of  switch  costs,  the  fraction 
charged  to  connectivity  rises  from  zero  to  81  percent  of  the 
backbone  cost.  The  dotted  lines  show  how  the  utilization  charges 
would  be  distributed  among  local,  area,  and  inter-area  communi- 
cations assuming  line  blocks  are  the  units  of  usage  charged  for. 
At  a = 0,  local  message  traffic  would  pay  about  25  percent  of 
all  backbone  costs,  area  traffic  would  pay  for  about  17  percent, 
with  the  remaining  58  percent  collected  from  inter-area  traffic. 


Appendix  C provides  a program  listing  and  documentation  of  the  IDADIN  Cost 
Allocation  Model  as  prograrmed  for  a CDC  6400  computer.  The  effects  of 
any  combination  of  inputs,  given  a sample  of  AUTODIN  traffic  in  appropriate 
form,  can  be  readily  assessed  (CP  time  for  10  variations  is  less  than  30 
seconds)  using  the  program. 
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Figure  5.  EFFECT  OF  VARYING  a ON  THE  DISTRIBUTION  OF  COSTS 
(Usage  Measured  by  Line  Blocks) 
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The  dots  in  the  left-hand  portion  of  Figure  5 mark  the 
allocations  for  the  "representative  case."  The  first  dot  from 
the  bottom  is  the  dividing  point  between  "connectivity"  and 
"utilization"  when  a = 20  percent.  In  this  case,  connectivity 
is  17  percent  of  total  cost.  The  second  dot  shows  that  about 
53  percent  of  total  cost  is  paid  for  as  an  inter-area  use 
charge.  The  last  dot  shows  that  the  remaining  30  percent  of 
cost  is  equally  divided  between  area  and  local  use  charges. 

The  effect  of  varying  a on  the  budget  of  each  agency,  com 
pared  to  its  costs  under  the  present  system,  is  shown  graphi- 
cally in  Figure  6.  The  impact  on  Agency  "G"  is  noteworthy, 
and  reflects  its  large  volume  of  traffic  from  relatively  few 
terminals . 

The  effect  on  agency  budgets  of  different  allocations  of 
costs  between  connectivity  and  usage,  with  usage  measured 
alternatively  by  line  blocks  and  messages,  is  shown  in  Table  6 
Assuming  that  users'  demand  for  the  services  is  unaffected  by 
the  rate  structure,  the  table  gives  an  idea  of  resulting  AUTO- 
DIN billings  to  recover  a $46  million  backbone  cost.  The 
"pure  connectivity"  case  approximates  current  backbone  cost 
distribution.  One  can  see  that  among  major  users.  Agencies  A, 
B,  and  D would  pay  considerably  less  if  only  20  percent  of 
switch  costs  were  collected  through  connectivity  fees  and  the 
remainder  allocated  on  the  basis  of  usage.  Agency  "6"  would 
be  unaffected  and  Agency  G would  find  itself  paying  approxi- 
mately three  times  the  amount  it  pays  under  the  current  con- 
nectivity pricing  scheme.  Agency  G is  also  the  agency  most 
affected  by  the  choice  between  line  blocks  and  messages  of 
usage.  Small  volume  users  such  as  F,  M,  N,  and  W would  be 
relatively  much  better  off  under  usage  pricing,  although  the 
absolute  dollar  amounts  are  not  impressive. 
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Table  6.  AGENCY'S  BACKBONE  COSTS  UNDER  RATE  STRUCTURES 
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PRECEDENCE  CHARGES 


The  DCA  traffic  sample  identified  PLASH  traffic  by  agency 
and  by  local,  area,  and  inter-area  categories.  Relying  on  this 
information,  the  simulation  program  was  used  to  examine  the 
effects  on  agency  budgets  of  applying  a surcharge  for  FLASH 
messages.  We  can  make  no  recommendations  about  the  correct 
surcharge  level.  There  are  no  significant  operating  costs 
that  should  be  allocated  to  PLASH  messages.  The  costs  they 
impose  are  paid  by  others  in  the  form  of  longer  times  required 
to  have  a message  delivered.  A surcharge  would  allocate  the 
delay  costs  to  those  who  cause  them  and  deter  excessive  use  of 
FLASH  messages. 

The  rate  structure  used  in  examining  the  effect  of  differ- 
ent surcharge  levels  on  budgets  was  that  for  the  representative 
case  (a  = 0.20,  local  message  surcharge  of  1 0 <t , area  surcharge 
of  15<t,  inter-area  3 0 ) . 1 The  PLASH  surcharge  was  varied  from 
zero  to  $30  per  message  and  the  budgetary  effects  calculated 
for  each  agency.  Figure  7 shows  the  percentage  change  in  each 
agency's  backbone  cost  as  a function  of  the  surcharge  level. 
Agency  D,  the  most  seriously  affected,  would  find  its  budget 
increased  by  approximately  ^0  percent  with  a $28  per  FLASH 
message  surcharge.  Agency  G would  find  its  budget  reduced  by 
nearly  40  percent. 

F.  USING  THE  SIMULATION 

The  number  of  possibilities  that  can  be  explored  is  limit- 
less. For  example,  there  are  many  different  rate  charge  arrange 
ments  that  result  in  the  same  allocation  of  costs  among  agencies 
As  an  exercise,  the  shares  of  total  costs  were  held  nearly 
constant  and  alternative  rate  structures  were  generated.  The 
value  for  a was  0.2  and  usage  charges  were  assumed  to  be 


'See  Table  6 for  a complete  description  of  the  assumed  rate  structure. 
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collected  in  various  ways  on  line  blocks,  messages,  and  as  a 
function  of  distance.  Two  of  the  resulting  outcomes  are  shown 
in  Table  7 along  with  the  representative  case  for  comparison. 

The  representative  case  involves  imposing  a fixed  mes- 
sage charge  for  each  distance  with  the  line-block  charges 
computed  to  recover  the  remainder  of  the  utilization  costs. 
Using  average  message  lengths  for  each  distance,  the  average 
message  charges  are  found  to  be  about  $0.23,  $0.28,  and  $0.51 
for  local,  area,  and  inter-area  messages.  The  distribution  of 
cost  among  agencies  is  as  shown. 

An  almost  identical  distribution  of  costs  is  obtained  in 
the  Alternate  1 and  Alternate  2 cases  by  dropping  the  message 
charge  and  specifying  a "weighting"  of  messages  and  line  blocks 
by  distance  categories.  Under  the  Alternate  1 scheme,  line- 
block  charges  are  set  to  recover  60  percent  of  allocated  costs 
with  message  charges  collecting  the  rest.  Inter-area  charges 
both  for  line  blocks  and  messages  are  twice  the  local  or  area 
charges.  Under  Alternate  2,  the  percentages  are  reversed, 
with  line-block  charges  set  so  as  to  collect  40  percent  and 
message  charges  set  to  collect  60  percent  of  allocated  costs. 
Area  charges  are  twice  and  inter-area  charges  are  three  times 
local  charges. 

We  have  gone  through  this  example  not  because  we  think 
that  stability  of  cost  shares  is  a particularly  desirable 
objective  but  simply  to  indicate  that  there  are  a number  of 
objectives  that  can  be  satisfied  using  the  model  developed. 

Such  computations,  however,  do  not  take  into  account  the 
reactions  of  users  to  different  methods  for  allocating  costs. 
Even  though  we  would  predict  that  the  elasticity  of  demand 
for  AUTODIN  services,  with  respect  to  fees  on  usage,  is  rather 
low,  it  is  nevertheless  possible  that  shifting  from  pure  con- 
nectivity to  connectivity  plus  usage  will  affect  demand  and 
that  there  would  also  be  differences  between  a situation  where 


Table  7.  ALTERNATIVE  CHARGING  MODES  (a  = 0.2  in  all  cases) 
( I DAD I N Model  - 1 976  DCA  Sample  Data) 


Representative3 

Parameters 

Case 

Alternate  1 

Alternate  2 

Ratio  of  Usage  Charges: 

Line  blocks/Messages*3 

1/10 

0.6/0. 4 

0.4/0. 6 

Use  Weights: 

Local /Area/Inter-Areac 

1/1/1 

1/1/2 

1/2/3 

Surcharges  ($/Message): 

Local 

$0.10 

none 

none 

Area 

0.15 

none 

none 

Inter-Area 

0.30 

none 

none 

Results 

Average  Charge  per  Message: 
Local 

$0.2286 

$0.2256 

$0.1500 

Area 

0.2753 

0.2287 

0.3035 

Inter-Area 

0.5141 

0.5435 

0.5504 

Agency  Shares  of 

Backbone  Cost  {%) 

A 

26.84 

26.83 

26.79 

B 

12.85 

12.84 

12. 76 

C 

23.27 

23.40 

23.62 

D 

4.70 

4.95 

4.54 

E 

1.10 

1.05 

1.08 

F 

0.36 

0.37 

0.36 

G 

16.34 

16.53 

16.32 

P 

1.19 

1.16 

1.17 

X 

1.36 

1.29 

1.37 

6 

11.89 

11.46 

11.88 

Others 

0.10 

0.12 



0.11 

aThe  parameters  for  the  representative  case:  a = 0.2;  Messaqe  charges  are 
$0.10  local,  $0.15  area,  $0.30  inter-area. 

bIn  the  representative  case  this  ratio  applies  to  the  costs  that  are  not 
covered  by  the  message  charge. 

cThese  figures  are  the  ratios  of  local,  area,  and  inter-area  message  and 
line-block  charges. 
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the  average  cost  per  local  message,  for  example,  was  3 0 ct  rather 
than  15<t. 

We  should  emphasize  that  the  calculations  of  costs  and 
their  distribution  are  based  on  data  from  a particular  one- 
week  sample  of  usage  and  do  not  take  Into  account  any  charges 
either  in  number  of  connections  or  in  message  volume  or  length 
that  may  occur  as  the  result  of  adopting  a different  method  of 
cost  allocation.  Since  one  of  our  objectives  is  to  institute 
an  allocation  system  that  would  lead  to  increased  utilization 
of  AUTODIN,  we  believe  that  the  charges  calculated  from  the 
simulations  overstate  to  some  degree  those  that  would  actually 
result.  Some  trial  periods  will  be  required  before  user  behav- 
ior stabilizes  under  a new  system  for  allocating  costs.  The 
model  is  in  part  a management  tool  that  should  be  used  In  com- 
bination with  observed  or  projected  changes  in  usage  as  the 
cost  allocation  system  is  changed.  Initially,  several  iterations 
may  be  required  before  a cost  allocation  system  is  settled  upon. 
In  the  early  stages,  DCA  may  find  that  the  problem  of  projecting 
usage  and  of  selecting  appropriate  charge  levels  is  a substan- 
tially more  complex  task  than  simply  varying  parameters  in  the 
model . 
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IV.  BUDGETS  AND  BILLING  PROCEDURES 


Since  the  real  purpose  of  selecting  rates  for  the  services 
offered  by  AUTODIN  is  one  of  allocating  a fixed  amount  of  costs, 
we  think  consideration  should  be  given  to  adopting  a billing 
system  which  allocates  these  costs  after  they  have  occurred 
rather  than  attempting  to  do  so  in  advance. 

DCA  is  not  in  the  business  of  selling  services  to  maximise 
profits.  Its  function  is  one  of  contracting  for  communications 
services  and  acting  as  a broker  between  the  Defense  agencies 
and  the  communications  suppliers.  The  Communications  Services 
Industrial  Fund's  rate-making  activities  serve  primarily  an 
accounting  function:  to  determine  in  as  equitable  and  effi- 
cient a manner  as  possible  how  the  actual  realized  costs  are 
to  be  shared  among  the  users.  The  processes  by  which  the  Fund 
currently  estimates  its  needs  and  the  agency  appropriation  re- 
quirements have  been  described  in  Chapter  II.  In  summary, 
estimates  are  made  in  advance  of  the  total  cost  of  AUTODIN  for 
a year.  Estimates  also  are  made  of  the  potential  service 
demanded  by  various  agencies  (where  service  is  defined  in 
terms  of  numbers  of  access  lines).  A charge  per  unit  of  ser- 
vice then  is  calculated  using  projected  cost  as  the  numerator 
and  projected  demand  as  the  denominator;  this  is  the  unit  cost 
used  by  the  agencies  in  calculating  their  projected  budgets 
for  the  fiscal  year. 

If,  as  almost  Invariably  happens,  the  actual  demand  for 
service  during  the  year  is  different  from  the  projected  demand 
(i.e.,  the  number  of  access  lines  actually  in  service  is  diff- 
erent from  projections),  the  total  revenue  transferred  to  the 
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CSIF  from  the  agency  budgets  does  not  match  the  projections. 
Income  to  the  fund  is  typically  less  than  projected,  creating 
a shortfall,  unless  costs  also  decline.  This  shortfall  is 
added  to  the  next  year's  projected  costs  and  becomes  a part  of 
the  next  year's  rate  structure. 

This  system  is  inefficient  because  users,  making  calcula- 
tions on  the  basis  of  these  projected  average  costs,  have  an 
incentive  to  game  the  system  and  overstate  their  projected 
communications  needs  (and  budgets),  knowing  that  if  they  under- 
utilize the  services,  the  unspent  communications  budget  will 
be  available  for  other  purposes.  Explicit  recognition  that  the 
CSIF  Is  functioning  essentially  as  an  accountant  allocating 
costs,  together  with  shifting  to  billing  for  use  after  It  has 
occurred,  would  eliminate  this  source  of  Inefficiency.  AUTO- 
DIN budgets  would  need  to  be  restricted  solely  to  AUTODIN. 

It  may  be  useful  to  illustrate  with  a numerical  example 
what  may  occur  under  the  present  billing  system.  Suppose  total 
costs  for  the  AUTODIN  system  for  a year  are  $50,000,000  and 
the  projected  total  usage  is  100,000  units,  with  agency  "A” 
projecting  4,000  units.1  The  unit  cost  that  is  settled  upon 
as  a price  per  unit  actually  used  is  then  $500.  Suppose  that 
over  the  year  the  agency  uses  only  3,500  units  but  all  other 
users  are  precisely  on  target.  Agency  "A"  is  left  with  a 
surplus  in  its  budget  of  $250,000  and  the  CSIF  has  a deficit 
of  $250,000.  This  $250,000  is  added  to  the  next  year's  budget 
and,  if  all  other  conditions  are  the  same,  the  unit  charge  for 
the  following  year,  for  all  users,  would  be  $502.50.  The 
shortfall  agency  thus  ends  up  with  a net  gain  of  $250,000  In 
its  first  year  budget  and  could  do  the  same  thing  in  following 
years . 


JWe  use  "units"  here  for  illustrative  purposes  only  without  specifying  what 
they  are  supposed  to  be. 


Conversely,  had  agency  "A"  exceeded  its  projected  demand 
by  500  units,  it  would  have  been  billed  $250,000  more  than  its 
budget.  The  following  year  the  unit  charge  per  unit  of  service 
would  fall  to  $497.50.  It  seems  rather  obvious  that  there  are 
incentives  not  to  underestimate  the  communications  budget. 

There  also  exists  among  most  users  the  belief  that  those  who 
overestimate  their  budgets  are  subsidized  by  those  who  do  not. 
This  belief  is  fallacious  but  anyone  adhering  to  it  will  also 
tend  to  overestimate  his  usage  simply  to  protect  himself  against 
what  he  considers  to  be  the  forced  subsidization  of  usage  short- 
falls by  other  agencies.1  Given  the  uncertainty  that  may  exist 
about  demand  for  AUTODIN  service,  there  are  also  legitimate 
reasons  why  it  could  be  expected  that  usage  would  be  overesti- 
mated . 

Overestimation  of  budgets  and  services  required  has  become 
prevalent  and  can  be  illustrated  by  looking  at  budgeted  and 
actual  numbers  of  AUTODIN  access  lines  over  a six-year  period. 
Table  8 shows  the  figures  from  1972  through  1976  and  19TQ. 

Billing  agencies  at  the  end  of  the  year  for  their  actual 
AUTODIN  use  and  for  actual  costs  would  ensure  that  the  costs 
of  the  service  are  paid  for  by  those  who  use  them  at  the  time 
they  use  them.  Since  agencies  must  budget  for  the  future,  how- 
ever, it  would  not  necessarily  eliminate  the  tendency  for  over- 
estimation of  demand.  Nor,  in  fact,  is  it  particularly  impor- 
tant to  eliminate  this  tendency  if  actual  costs  are  billed  and 
each  agency's  AUTODIN  budget  is  restricted  solely  to  paying 
AUTODIN  charges  and  cannot  be  used  otherwise.  Under  these 


1 If  one  agency  overestimates  the  number  of  service  units  it  will  require, 
all  agencies  benefit  since  the  average  cost  per  unit  will  be  lower  for  all. 
The  following  year  all  agencies  must  make  up  the  shortfall  but  what  each 
pays  will  be  approximately  equal  to  the  amount  by  which  it  benefitted 
earlier,  if  demands  are  relatively  unchanged.  The  agency  that  overesti- 
mates its  demand  benefits  not  at  the  expense  of  other  agencies  but  at  the 
expense  of  taxpayers  as  a whole  since  it  ends  up  with  excess  funds  that 
it  can  spend  as  It  wishes. 


Table  8 


AUTODIN  ACCESS  LINES  (Year  End) 


FY 

Budgeted 

Actual 

Percent 

Di f f erence 

1972 

1204 

1224 

1.6 

1973 

1425 

1430 

0.3 

1974 

1 340 

1 374 

2.5 

1975 

1425 

1297 

-9.0 

1976 

1 389 

1168 

-15.9 

1 9TQ 

1385 

1180 

-14.8 

circumstances,  if  an  agency  had  a surplus  (or  a shortfall), 
it  would  be  required  to  apply  it  against  the  coming  year's 
AUTODIN  budget  (or  in  the  case  of  a shortfall  add  it  to  the 
new  budget).  Any  shortfall  would  be  made  up  by  newly  budgeted 
funds.  Any  surplus  would  reduce  new  budget  requirements. 

If  this  system  were  adopted,  agencies  would  submit  their 
projected  requirements  to  DCA,  which  in  turn  would  estimate 
expected  prices  for  service  and  return  to  each  agency  an  esti- 
mate of  its  share  of  backbone  costs.  The  agency  would  use 
these  for  planning  purposes  in  its  budget.  During  the  year, 
however,  DCA  would  calculate  actual  prices  for  the  services 
based  on  actual  costs  and  actual  usage  and  would  bill  each 
agency  for  its  share  of  the  realized  backbone  costs.  A dis- 
crepancy at  the  end  of  the  year  between  budgeted  and  actual 
AUTODIN  costs  for  any  agency  would  either  leave  it  with  a sur- 
plus to  be  applied  the  following  year  or  with  a deficit  to  be 
added  to  its  new  budget  and  made  up  immediately  after  the  start 
of  a new  billing  year. 

Such  a system  would  still  permit  AUTODIN  budget  projec- 
tions to  be  used  for  planning  purposes,  but  would  not  allow 
the  accumulation  by  any  agency  of  funds  that  could  be  spent 
for  other  purposes.  In  addition,  it  would  assure  that  any 


difference  between  projected  and  actual  costs  by  a single  agency 
are  adjusted  by  that  agency  and  are  not  simply  added  to  or  sub- 
tracted from  the  next  year’s  total  backbone  costs. 

It  appears  that  such  a system  would  take  maximum  advantage 
of  the  industrial  fund  that  DCA  manages,  permitting  the  fund  to 
cover  the  cash  flow  requirements,  while  allocating  costs  in  the 
most  efficient  manner  to  users. 
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V.  CONCLUSIONS  AND  RECOMMENDATIONS 

AUTODIN  was  created  primarily  to  provide  communications  for 
crisis  situations.  Its  size  was  determined  by  the  expected  exi- 
gencies of  possible  crises,  and  the  system  exists  to  meet  those 
exigencies.  Thus  it  is  not  an  analogue  of  a commercial  service — 
it  does  not  have  as  its  main  purpose  the  provision  of  communica- 
tions services  on  a routine  basis.  Given  that  the  system  does 
exist,  it  is  in  the  interest  of  the  United  States  Government 
that  maximum  use  be  made  of  it  in  peace  time  since  alternative 
commercial  services  require  additional  outlays  of  funds.  The 
pricing  problem  is  thus  one  of  allocating  costs  fairly  while 
encouraging  as  efficient  utilization  of  the  system  as  possible. 


1 

4 


DCA  sets  rates  to  recover  the  expected  payments  from  the 
CSIF  to  contractors  for  services  provided  to  maintain  and  oper- 
ate AUTODINo  It  is  desirable  that  the  rates  be  perceived  as 
fair  by  the  agencies  paying  them,  and  at  the  same  time  they 
should  promote  efficient  utilization  of  the  system.  Equity  is 
important  because  most  users  have  no  choice  about  having  the 
system — by  command  decision  they  must  participate.  Even  though 
all  the  funds  provided  are  public  monies,  the  realities  of 
administrative  management  require  a recognition  that  agencies 
are  sensitive  to  budget  charges  that  in  their  view  "subsidize" 
other  agencies. 

Efficiency  is  constrained  not  only  by  this  requirement  for 
equity  but  by  the  following  dilemma:  to  encourage  maximum  use 
of  the  system,  charges  should  be  zero.  This  can  be  justified 
because  the  cost  of  connecting  an  additional  access  line  or  of 
sending  an  additional  message  is  currently  zero.  The  system 
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has  sufficient  capacity  to  service  users  without  additional 
outlay  for  trunk  lines  or  switches.  And  yet  the  costs  must  be 
covered  so  there  must  be  charges  for  connections  and  traffic. 

In  a sense,  AUTODIN  is  like  a public  good,  since  use  of  the 
system  by  one  person  usually  does  not  affect  the  benefits  it 
provides  to  other  users.  The  appropriate  price  for  a pure 
public  good  is  the  value  of  that  good  to  the  user — thus,  differ- 
ent prices  for  different  users. 

Costs  can  be  identified  as  separable  or  common.  Separable 
costs  are  those  for  services  or  functions  having  truly  identi- 
fied beneficiaries  or  causers.  The  costs  of  that  service  or 
function  can  be  charged  appropriately  to  the  beneficiaries  or 
causers.  Remaining  costs  are  common.  These  should  be  allo- 
cated in  a way  that  promotes  DCA  policies. 

In  the  case  of  AUTODIN  there  are  two  blocks  of  separable 
costs.  Part  of  the  system  is  the  network  of  trunk  lines  link- 
ing to  several  switches.  These  trunk  lines  benefit  only  people 
who  send  or  receive  messages  using  them,  so  that  their  cost  is 
appropriately  charged  only  to  long  distance  and  overseas  users. 
For  reasons  to  be  discussed  next,  these  charges  should  be  based 
upon  some  measure  of  the  volume  of  traffic  rather  than  simply 
by  capability  to  transmit  or  receive  such  messages. 

The  second  block  of  separable  costs  are  those  pertaining 
to  ADUs  at  the  AUTODIN  I switches.  These  provide  the  user 
capability  to  connect  to  the  system,  and  they  represent  one 
area  where  resources  are  used  simply  by  establishing  a connec- 
tion to  the  system.  High  connectivity  fees  encourage  users  to 
make  off-system  adjustments  to  maximize  the  use  of  existing 
connections.  While  these  may  be  cheaper  from  the  using  agency's 
viewpoint,  they  are  not  from  the  viewpoint  of  the  U.S.  Govern- 
ment, since  the  AUTODIN  I system  already  exists  while  the  off- 
system  adjustments  do  not.  Moreover,  the  more  users  on  the 
system,  the  more  it  will  be  utilized.  Thus,  the  argument  for 
low  connectivity  fees  is  fairly  compelling. 
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At  the  same  time,  connectivity  charges  must  reflect  the 
potential  cost  of  a new  user  connecting  to  the  system.  While 
it  is  possible  to  connect  new  users  now,  a zero  charge  might 
induce  more  connections  than  can  be  supported.  Too,  access 
lines  of  different  speeds  require  different  amounts  of  memory 
in  the  ADU,  and  efficient  use  of  the  system  requires  that  users 
select  the  appropriate  speed  of  service.  It  would  not  be  possi- 
ble to  accommodate  all  current  users  if  only  high-speed  lines 
were  used.  The  exact  level  at  which  connectivity  fees  should 
be  set  is  not  obvious  but  a useful  rule  initially  is  to  set  the 
fees  so  they  just  recover  the  cost  of  the  ADU  memory  units. 

The  remaining  revenue  requirements  can  be  met  by  charging 
for  traffic  volume,  distance,  and  precedence.  As  outlined 
above,  charging  for  distance  should  recover  at  minimum  the  cost 
of  the  linking  trunkline  network.  Charges  based  upon  utiliza- 
tion are  a better  measure  of  system  worth  to  the  user  than  is 
the  number  of  access  lines,  and  would  result  in  a fairer  dis- 
tribution of  charges. 

It  may  not  be  possible  through  pricing  alone  to  provide 
the  incentives  necessary  to  deal  with  all  the  problems  seen  in 
the  system,  in  particular,  that  of  backside  connectivity.1  Ad- 
ministrative action  may  be  required  to  complement  any  set  of 
rates  to  ensure  that  the  goals  of  the  system  are  achieved.  An 
evaluation  of  these  administrative  actions  can  be  done  better 
once  the  responses  to  a new  price  structure  are  known,  however. 

Regardless  of  the  effects  that  usage  pricing  may  have  on 
backside  connectivity,  all  subscribers  would  be  in  a better  posi- 
tion to  make  the  choice  between  AUTODIN  and  commercial  services 
if  such  pricing  is  adopted.  Currently,  AUTODIN  is  not  attrac- 
tive to  the  small  users  with  relatively  little  traffic  because 


‘This  term  refers  to  the  construction  of  networks  by  users  behind  their  own 
message  processing  equipment  in  orxler  to  avoid  paying  the  high  charges  for 
an  access  line  into  AUTODIN. 


the  fixed  monthly  cost  is  so  high.  Revising  the  tariffs  would 
bring  his  costs  lower  to  the  point  where  commercial  alternatives 
are  far  more  expensive  than  AUTODIN.  The  point  is  illustrated 
in  Table  9. 

Table  9.  AUTODIN  I/COMMERCIAL  COST  COMPARISON 

TYPICAL  MONTHLY  SUBSCRIBER  COST --NEW  TARIFFS 

CONUS  Message  Communications 
AUTODIN  I:  $1 75/month  MAILGRAM:  $954/month 

Overseas  Message  Communications 
AUTODIN  I:  $249/month  INTERNATIONAL  TELEX:  $1 ,367/month 

TOTAL 

AUTODIN  I:  $424/month  COMMERCIAL:  $2,321/month 


Although  the  thrust  of  our  conclusions  should  now  be 
clear,  it  is  useful  to  summarize  them  briefly. 

• The  main  basis  for  charging  should  be  shifted  to 
utilization,  including  distance  and  precedence 
charges.  Utilization  of  the  system  is  a better 
measure  of  the  worth  of  the  system  to  the  sub- 
scribing agencies,  and  utilization  charges  better 
reflect  the  cost  alternatives  to  provide  the  same 
service.  Utilization  charges  would  permit  lower 
connectivity  charges,  thus  reducing  the  incentive 
for  some  off-system  adjustments  and  would  assist 
in  providing  more  accuracy  in  the  rate  setting 
process,  as  utilization  probably  can  be  forecasted 
better  than  can  connections. 

• Rate  setting  and  billing  should  be  coordinated 
to  limit  CSIF  deficits.  Efforts  should  be  made 
to  develop  better  forecasts  of  system  use  so  that 
the  rates  can  be  set  on  the  basis  of  more  accurate 
projections  than  are  currently  used. 

• DCA  should  address  the  issue  of  acquisition  and 
configuration  of  off-system  equipment  and  services. 
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It  may  be  that  new  policy  decisions  either  by  DCA 
or  others  in  the  DoD  will  be  required  to  assure 
efficient  integration  of  AUTODIN  with  other  com- 
munications activities.  Attempting  to  solve  all 
problems  with  prices  alone  may  not  be  successful. 

• An  integrated  charging  system  should  be  developed 
for  AUTODIN  to  include  both  AUTODIN  I and  AUTODIN  II 
when  in  place.  This  pricing  should  recognize  the 
interdependency  of  the  two  systems.  Further  consid- 
eration should  be  given  to  implementing  procedures 
to  permit  charges  in  AUTODIN  II  both  for  distance 
and  precedence. 
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GLOSSARY 


ACCESS — Having  a direct  connection  to  one  or  more  of  the  com- 
munications systems. 

* ACCESS  LINE — Circuit  connecting  a subscriber  to  a DCA  switching 

center. 

ADDRESS — The  destination  of  a message  or  a call  in  a communica- 
, tions  system.  Also,  to  indicate  the  storage  location  of 

information  in  a data  processing  system. 

AMA — Automatic  Message  Accounting.  Equipment  installed  in  a 

communications  system  which  automatically  records  all  char- 

♦ acteristics  of  calls  or  messages  that  may  be  necessary  to 

ascribe  usage  and  compute  billings  to  various  subscribers 
or  users. 


ANALOG  COMMUNICATIONS — System  of  telecommunications  employing 
a nominally  continuous  electrical  signal  that  varies  in 
frequency,  amplitude,  etc.,  in  some  direct  correlation  to 
nonelectric  information  (e.g.,  sound,  light)  impressed  on 
a transducer. 

ARPANET — A packet  switching  network  providing  data  communica- 
tions service  between  a number  of  research  and  military 
ADP  installations. 

ASC--AUTODIN  Switching  Center. 

AUTODIN — Automatic  Digital  Network.  A world-wide  secure  record 
computer-controlled,  store-and-forward , digital  communica- 
tions network  providing  record  communications  service  to 
authorized  users.  The  store  and  forward  stations  in  the 
network  are  referred  to  as  AUTODIN  Switching  Centers  (ASC). 
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The  network  is  a composite  of  interconnected  ASCs  (backbone), 
plus  the  access  lines  and  subscriber  (terminal)  equipment. 

AUTOSEVOCOM — Automatic  Secure  Voice  Communications  Network. 

AUTOVON — Automatic  Voice  Network.  The  principal  long-haul,  non- 
secure  circuit-switched  voice  communications  network  within 
the  DC A together  with  its  access  lines  and  subscriber  equip- 
ment . 

AUTOVON  ASSISTANCE  OPERATOR  (AAO) — An  operator  of  a switchboard 
at  a selected  AUTOVON  switch  whose  function  is  to  provide 
operator  services  such  as  information,  random  conferencing, 
intercepting,  call  area  extension,  or  precedence  upgrade. 

BACKBONE — That  portion  of  the  DCS  which  is  available  to  all  sub- 
scribers for  long-haul  communications  (l.e.,  switches  and 
interswitch  trunks  excluding  access  equipment). 

BACKBONE  COSTS — Those  costs  associated  with  leased  switches  and 

interswitch  trunks,  and  operations  and  maintenance  of  leased 
and  government-owned  switches. 

BAUD — Rate  of  speed  at  which  data  are  transmitted  over  a communi- 
cations line. 

BINARY  CODING — A numbering  system  consisting  of  two  digits — "1" 
and  "0" — that  represent  specific  values.  Used  in  digital 
computers . 

BLOCKAGE — Calls  that  are  not  completed.  When  expressed  as  a per- 
centage, blockage  equals  the  call  overflow  divided  by  call 
attempts  (OVF/ATT). 

CALL — An  attempt  by  a user  or  subscriber  to  obtain  a telephone 
connection. 

CALLED  STATION — A station  (telephone  number)  to  which  a call  is 
directed . 

CALLING  AREA — One  of  five  geographical  areas  used  for  distinguish- 
ing billing  charges:  CONUS,  Alaska,  Europe,  Pacific,  Caribbean. 
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CALLING  STATION — A station  (telephone  number)  initiating  a call. 

CAFACITY  FACTOR — The  ratio  of  the  average  load  communications 
traffic  to  the  installed  capacity  of  the  equipment  that 
supplies  the  load. 

CARRIER — A telecommunications  concern  that  provides  trunkline 
and  switching  services  between  geographical  centers.  A 
common  carrier  is  such  a concern.  It  provides  these  ser- 
vices to  the  general  public  at  rates  and  under  conditions 
determined  by  the  Federal  Communications  Commission  (FCC). 

CCS--A  unit  of  one  hundred  call  seconds  (i.e.,  1 hour  = = 

36  CCS).  Used  for  measuring  traffic  loads. 

CCSD--Command  Communications  Service  Designator.  A DCS  circuit 
identification  number. 

CENTRAL  PROCESSING  UNIT  (CPU) — The  main  unit  In  a computer  sys- 
tem which  processes  data. 

CHANNEL — Ai  electrical  path  suitable  for  the  transmission  of 
communications  between  two  or  more  points,  ordinarily 
between  two  or  more  stations. 

CHANNEL  PACKING — The  use  of  high-speed  (9.6  kilobits  per  second 
(KBS)  or  9600  b/s)  modems  and  time  division  multiplex  (TDM) 
to  accommodate  a variety  of  low-  and  medium-speed  data  re- 
quirements. The  TDM  equipment  combines  several  lower  speed 
(4800  b/s  or  less)  data  inputs  into  a single  9.6  KBS  data 
stream.  The  modems  are  used  to  convert  the  9.6  KBS  data 
output  of  the  TDM  into  a quasi-analog  signal  so  it  can  be 
applied  to  a voice-frequency  (VF)  circuit. 

CIRCUIT — A fully  operative  communications  path  established  in 
the  normal  circuit  layout  and  currently  used  for  message 
telephone,  WATS,  YWX  or  private  line  services. 

CLASSMARK — An  Identification  code  assigned  to  subscribers  and 

contained  within  switch  memory  for  the  purpose  of  switching 
machine  control  of  calling  features. 
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COMM  CENTER — A terminal  or  relay  center  processing  record  message 
traffic  and  long  distance  teletypewriter  circuits„ 

COMMON  USER  CIRCUIT/SYSTEM — A circuit/sy stem  designed  for  general 
access . 

COMPUTER  HARDWARE — Physical  components  of  a computer. 

COMPUTER  SOFTWARE — Computer  program  instructions  which  tell  the 
computer  what  to  do. 

COMSEC — Crypto  section.  Its  primary  function  is  to  code/decode 
communications  circuits  entering  and  exiting  the  station. 

CONFERENCE  CALL — A call  in  which  more  than  two  subscribers  are 
connected.  Specific  types  of  conference  calls  are: 


Meet-Me  Conference: 


Preset  Conference: 


Random  Conference: 


An  arrangement  where  each  participant 
js  instructed  to  dial  a designated 
telephone  address  to  reach  the  confer- 
ence bridge  for  a scheduled  conference. 

An  AUTOVON  feature  which  permits  auto- 
matic connection  of  a group  of  sub- 
scribers, preset  in  switch  memory,  by 
keying  a single  directory  number. 

An  operator-established  conference 
where  the  called  participants  are 
manually  entered  into  the  conference 
by  the  operator. 


CSIF — Communications  Services  Industrial  Fund. 


DCA — Defense  Communications  Agency. 

DECCO — Defense  Commercial  Communications  Office. 

DEFENSE  COMMUNICATIONS  SYSTEM  (DCS) — The  primary  DoD  portion  of 
the  NCS,  comprised  of  DoD  communications  systems  and 
managed  by  DCA. 


DEMAND — (a)  Amount  of  a good  that  buyers  are  willing  to  buy  at 
each  specified  price  in  a given  market  at  a given  time 
(demand  schedule);  and  (b)  sometimes  "quantity  demanded" 
at  one  specified  price. 
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DEMULTIPLEX — Separation  of  multiplexed  circuits  at  the  receive 
end . 

DUAL  SWITCHING  EQUIPMENT — Switching  equipment  actuated  by  elec- 
trical impulses  generated  by  a dial  or  key  pulsing  arrange- 
ment . 

DIGITAL  COMMUNICATIONS — System  of  telecommunications  employing 
a nominally  discontinuous  signal  (discrete  values)  that 
changes  in  frequency,  amplitude,  or  polarity. 

DIVERSITY  FACTOR — The  ratio  of  the  noncoincident  maximum  demands 
for  service  of  all  customers  In  a group  to  maximum  demand 
of  that  group. 

DSTE — Digital  Subscriber  Terminal  Equipment.  Government-owned 
ADPE  used  by  AUTODIN  subscriber  terminals. 

DUAL  HOMING--The  connection  of  a terminal  so  that  it  is  served 
by  two  switching  centers. 

ELASTICITY  OF  DEMAND  OR  SUPPLY — A measure  of  the  responsiveness 
of  buyers  or  sellers  to  price  changes.  Defined  as  the 
change  in  quantity  demanded  (or  supplied)  relative  to  a 
change  in  price.  Let  p = price,  q = quantity  demanded  or 
supplied,  then  elasticity,  e = + ^ • jj.  Elasticity  will 
have  a negative  sign  for  demand  and  positive  for  supply. 

ERLANG — 36  CCS;  equal  to  maximum  time  occupancy  of  transmission 
facility  for  an  hour. 

FACSIMILE  TRANSMISSION — In  telecommunications,  the  capability 
to  transmit  pictorial  copies  electronically. 

FDM — Frequency  Division  Multiplex. 

FIXED  COST — Cost  that  does  not  vary  according  to  output. 

FLASH — A communications  precedence.  (See  Precedence.) 

FLASH  OVERRIDE — The  highest  communications  precedence.  Reserved 
for  the  President,  Secretary  of  Defense,  Joint  Chiefs  of 
Staff,  and  authorized  commands. 


FREQUENCY — The  number  of  complete  sine  waves  In  one  second. 

FREQUENCY  SPECTRUM — Range  of  frequencies  ranging  from  lowest 

measurable  sound  through  infinity  (Hz,  KHz,  MHz,  GHz,  etc.). 

GATEWAY  SWITCH — Switching  center  interconnecting  geographical 
areas  or  networks  within  a geographical  area. 

GRADE  OF  SERVICE — The  mathematical  probability  of  a call  being 
blocked,  expressed  as  a decimal  fraction.  The  average 
ratio  of  blocked  calls  to  total  calls.  For  example,  a GOS 
of  P.05  means  that  5 of  100  attempts  will  be  blocked  or 
not  completed.  GOS  objectives  set  by  DCA  are  observed 
only  through  the  backbone  facilities. 

HALF  DUPLEX — Send  and  receive,  but  not  simultaneously. 

HF — High  Frequency  Radio  (3-30  MHz)  normally  used  for  long-haul 
communications,  provides  a means  for  remote  subscriber 
terminals  to  access  an  ASC. 

HOLDING  TIME — The  time  in  which  an  item  of  telephone  plant  is 
in  actual  use  either  by  a customer  or  an  operator.  For 
example,  on  a completed  telephone  call,  holding  time 
includes  conversation  time  as  well  as  other  time  in  use. 

At  local  dial  offices  any  measured  minutes  which  result 
from  other  than  customer  attempts  to  place  calls  (as 
evidenced  by  the  dialing  of  at  least  one  digit)  are  not 
treated  as  holding  time. 

IDA — Institute  for  Defense  Analyses. 

IMMEDIATE — A communications  precedence. 

INTRA-SWITCH  CALL — A call  where  the  calling  and  called  party 
are  served  by  the  same  switch. 

INTERFERENCE — Extraneous  signals  which  interfere  with  communica- 
tions commonly  caused  by  lightening,  power  tools,  electric- 
ity, human  voice,  extraneous  conversations,  and  electrical 
components.  Examples:  static,  humm,  crosstalk,  random  noise. 


INTERSWITCH  CALL — One  that  uses  more  than  one  switch  and  at 
least  one  1ST  to  complete  a connection. 

INTERSWITCH  TRUNK — A trunk  between  two  switching  centers 
(AUTOVON,  AUTODIN). 

LINE  BLOCK — A record  length  equivalent  to  one  IBM  keypunch  card, 
i.e.,  80  characters  of  text  plus  four  framing  control  char- 
acters . 

LINE  NUMBER — Station  number,  main  station  number,  subscriber 
number,  user  number. 

LOAD  FACTOR — The  ratio  of  average  output  to  peak  output  for  a 
given  interval  of  time.  Basis  for  price  differentiation 
between  different  classes  of  customers:  the  lower  the  load 
factor,  the  higher  the  rate  charged  the  customer. 

LOCAL  OFFICE — A central  office  serving  nrimarilv  as  a Place  of 
termination  for  subscriber  lines  and  for  providing  tele- 
phones to  the  subscribers  on  these  lines. 

LONG-HAUL  TOLL  TRAFFIC — A general  term  applied  to  message  toll 
traffic  between  distant  points.  In  common  usame,  this 
term  is  ordinarily  applied  to  message  toll  traffic  between 
points  more  than  20  to  50  miles  apart. 

MARGINAL  COST  (REVENUE) — The  cost  (revenue)  which  occurs  on  the 
margin;  the  additional  cost  (revenue)  resulting  from  an 
incremental  change  in  production  (consumption).  Marginal 
cost  (revenue)  can  be  described  as  the  instantaneous  rate 
of  change  in  cost  (revenue)  with  respect  to  production. 

MESSAGE — A completed  call,  i.e.,  a communication  in  which  a 

conversation  or  exchange  of  information  took  place  between 
the  calling  and  called  parties. 


MESSAGE  PRECEDENCE — A predetermined  coding  used  to  indicate  the 
relative  importance  of  a message.  These  codes  are: 

Z for  FLASH 
0 for  Immediate 
P for  Priority 
R for  Routine. 

MESSAGE  UNIT — Unit  of  measurement  used  for  charging  for  measured 
message  (telephone  or  digital)  exchange  traffic  within  a 
specified  area. 

MICROWAVE  BROADCAST — A primary  transmission  medium,  the  line-of- 
sight  microwave  system  uses  wideband  communications  to  link 
distant  stations.  Often  substitutes  for  land  lines. 

MULTIPLEXING — The  technique  of  combining  two  or  more  independent 
circuits  (voice,  telegraph,  data,  etc.)  into  a composite 
signal  which  is  then  transmitted  via  the  transmission  medium 
to  a like  terminal  where  the  process  is  reversed  and  the 
channels  are  restored  to  their  original  state. 

NETWORK  CONTROL — The  continuous  assessment  of  the  condition  of 
a communications  system  to  detect  actual  or  impending  prob- 
lems and  to  take  subsequent  control  actions. 

NCS--National  Communications  System. 

NMCC — National  Military  Command  Center. 

OFF-HOOK  SERVICE — A service  for  selected  AUTOVON  subscribers 
that  automatically  establishes  a predesignated  connection 
at  the  time  the  calling  subscriber's  line  goes  to  the  off- 
hook  condition. 

OPPORTUNITY  COST — Implicit  cost  of  a foregone  alternative. 

OPTICAL  CHARACTER  READER  (OCR) — Device  that  reads  a typed  mes- 
sage and  automatically  generates  a printed  message  for 
transmission. 


!■ 

I 

[ 


t 


I 


» 


» 

* 


» 


PACKET — A number  of  bits  preceded  by  a header  identifying  the 
recipient  and  transmitted  via  a communications  network. 
Messages  are  decomposed  into  one  or  more  packets  by  the 
sender,  while  the  recipient  rebuilds  the  message  from  the 
packet  s . 

PACKET-SWITCHING — There  are  two  basic  characteristics  of  a 

packet-switching  communications  system.  First,  all  messages 
are  broken  down  into  packets,  and  it  is  only  these  packets 
that  are  handled  by  the  system.  Second,  the  packets  travel 
through  a common  pipeline  between  switches,  and  the  path 
any  given  packet  takes  from  one  switch  to  another  is  not 
fixed.  Thus,  while  two  users  connected  through  a packet 
switching  believe  they  have  a direct  circuit  connecting 
them,  this  circuit  is  created  anew  for  each  packet. 

PEAK  LOAD — The  size  of  the  maximum  demand  for  service  during 
a given  time  interval.  The  period  during  which  message 
traffic  is  greatest  over  a cycle  would  be  the  "peak  period" 
as  in  the  "peak  hour"  for  a given  day  of  the  week. 

POINT-TO-POINT  CIRCUIT/SYSTEM — A special  purpose  circuit  or 
system  with  predetermined  users  that  is  not  intended  for 
general  purpose  use.  It  cannot  be  accessed  by  any  other 
station  except  the  prescribed  users.  Often  referred  to  as 
"Sole  User,"  "Hotline,"  or  "dedicated  circuit." 

PRECEDENCE — A rank  assigned  to  indicate  the  degree  of  prefer- 
ence or  importance  to  be  given  in  processing  and  protecting 
calls  or  messages.  In  descending  order  of  preemption  capa- 
bility, authorized  precedences  are:  flash,  immediate, 
priority,  routine. 

PRECEDENCE  PREEMPTION — To  disconnect  (either  manually  or  auto- 
matically) a connection  of  lower  precedence  by  seizure  of 
an  access  line  or  trunk  when  there  is  no  other  line  avail- 
able . 
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PRIORITY — A communications  precedence, 

PRIVATE  BRANCH  EXCHANGE  (PBX) — A switching  system  that  provides 
internal  switched  telephone  communications  between  main 
stations  located  within  a particular  area  such  as  a build- 
ing or  a post,  camp,  or  station.  It  also  provides  the  same 
service  between  the  main  stations  and  an  exterior  telephone 
network.  When  calls  are  made  without  operator  assistance 
(dial  service),  it  is  called  a PABX  (private  automatic 
branch  exchange). 

PRIVATE  LINE  SERVICE — A service  for  communications  between 

specified  locations  for  a continuous  period  or  for  regularly 
recurring  periods  at  stated  hours. 

PUBLIC  GOOD — Goods  (or  services)  jointly  supplied  to  the  whole 
community;  typically  not  appropriable  by  individuals  and 
not  divisible  into  units  to  be  sold  separately.  For 
example,  national  defense,  police  and  other  protection 
activities  provide  benefits  that  cannot  be  withheld  from 
some  individuals  and  granted  to  others. 

QUEUE — In  a store-and-forward,  message-switching  system,  messages 
awaiting  transmission. 

RECORD  COMMUNICATIONS — Any  form  of  communications  that  results 
in  recording  of  information  for  display,  printing. 

ROUTINE  INDICATOR — In  message-switching  networks,  a group  of 

characters  in  the  header  of  a message  defining  the  origin 
or  destination  circuit/terminal.  The  indicators  are  vali- 
dated by  an  ASC’s  internal  routing  indicator  tables  for 
routing  traffic. 

SATELLITES — Transmission  media  employing  low-power  communica- 
tions satellites  in  a near-synchronous  equatorial  orbit. 

SIMPLEX — Send  or  receive,  but  not  both. 
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SPEED  OP  SERVICE — The  handling  time  of  a message  from  the  origin 
to  the  destination  terminal. 

STORE  AND  FORWARD — Any  system  that  receives,  stores,  and  trans- 
mits data  to  a predetermined  addressee. 

SUBSCRIBER — User  of  a communications  system  who  is  directly  con- 
nected to  a switch  and  shares  the  network  backbone  costs. 

SUPPLY — (a)  Amount  of  a good  that  sellers  are  ready  to  sell  at 
each  specified  price  in  a given  market  at  a given  time 
(supply  schedule);  and  (b)  sometimes  "quantity  forthcoming" 
at  one  specified  price. 

SURVIVABILITY — The  capability  of  a communications  system  to  pro- 
vide service  to  the  surviving  critical  subscribers  during 
a disaster  which  renders  some  facilities  Inoperative. 

SWITCH — A device  for  making,  breaking,  or  changing  the  connec- 
tions in  an  electronic  circuit.  An  automatic  switch  is 
remote-controlled  and  is  used  for  voice  or  digital  circuits. 

SWITCHBOARD — An  apparatus  for  connecting,  combining,  measuring, 
or  protecting  a number  of  circuits. 

SWITCHING — Circuit  switching  interconnects  communication  cir- 
cuits, providing  subscribers  with  end-to-end  voice  or  data 
exchanges.  Message  switching  performs  automatic  relay  of 
messages  from  one  circuit  to  another  on  a first-in,  first- 
out  (FIFO)  basis  within  each  precedence  level.  Packet 
switching  provides  the  automatic  relay  of  messages  in  the 
multiplexed  form  of  'packet*  streams. 

TANDEM  CIRCUIT  OR  TRUNK— A general  classification  of  circuits  or 
trunks  between  a tandem  central  office  unit  and  any  other 
central  office  or  switchboard. 

TECHNICAL  CONTROL — A facility  responsible  for  coordination, 

control,  and  operation  of  DCS  resources  to  include  testing 
and  restoral. 


TERMINALS — Peripheral  devices  for  transmission  and  reception 
of  messages. 

TOLL  TRUNK — A very  high  quality  trunk  between  long  distance 
switchboards . 

TRAFFIC  UNIT — A unit  of  measurement  of  traffic  operating  work 

that  is  used  as  the  common  denominator  to  express  the  rela 
tive  time  required  for  handling  various  kinds  of  calls  or 
work  functions. 

TRANSMISSION  MEDIA — The  means  of  moving  a signal  from  one  point 
to  another.  Examples:  HF,  coaxial  cable,  microwave  broad 
cast,  satellite,  tropospheric  scatter. 

TROPOSPHERIC  SCATTER — Radio  system  in  which  the  transmitted 
signal  is  "bounced"  off  the  tropospheric  layers  of  the 
atmosphere  and  received  by  a distant  station. 

TRUNK — A transmission  channel  between  switching  centers  for 
making  a complete  circuit  between  subscribers. 

TRUNK  NUMBER — A trunk  identification  number. 

USER — An  authorized  unit  possessing  communications  equipment 
capable  of  indirectly  accessing  a DCS  network. 

UTILIZATION  FACTOR — The  ratio  of  the  peak  load  communications 
traffic  to  the  installed  capacity  of  the  network. 

VARIABLE  COSTS — Costs  that  vary  with  the  rate  of  production. 

VFCT  EQUIPMENT — A type  of  multiplexing  equipment  that  converts 
direct  current  telegraph  signals,  as  found  in  teletype- 
writer (TTY)  operation,  into  alternative  current  tones 
in  the  voice  frequency  (VF)  range. 

WIRE  TRANSMISSION — A transmission  medium  employing  a physical 
wire  conductor. 

WWMCCS — World  Wide  Military  Command  and  Control  System. 


